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SUMMARY 


The report desertbes a methodologu developed for the determtnatton of physical poten- 
tial 'populatton supporting capactttes' of lands and records the results of application of 
the methodology, at a 1:5 millton.scale, to five regions of the Developing World. Three levels 
of tnputs ctrcumstances aré used tn the assessment and the potenttals are compared wtth data 
on present and projected populattons. 


Populatton pressures are thus quanttfted and 'problem' areas delineated where land 
resources are insufftctent to meet food needs. Such problem areas are destgnated as 'critical' 
areas and are defined in terms of thetr locatton and extent, and the magnttude of thetr excess 
population. The analysts, at tts finest level of detail, ts undertaken for tndtvtdual-country 
length of growtng pertod zones. Two time-frames are used tn the study, namely the 'present' - 
as represented by base year 1975 data and the 'future' - as represented by year 2000 projected 
data. 


The matn conclustons of the study are: 


The lands of the Developtng World as a whole (excluding East Asta) are capable of 
producing sufftetent food to sustatn twice thetr year 1975.populatton and one and a 
half times thetr year 2000 populatton, even with low level of tnputs. With applt- 
catton of tntermediate level of inputs to all cultivable areas, these lands would be 
able to meet the food needs of more than four times thetr projected population of 

2000 AD. These aggregated Developtng World findings presuppose massive and unrestricted 
movement of surplus potenttal food production and labour wtthtn and between all ftve 
regtons. 


At the other extreme, assuming no movement of surplus potenttal food productton and 
labour between individual-country length of growing pertod zones, 2 453 million 
hectares - 38 percent of the total land area - are unable to produce suffitctent food 
for thetr 1975 populattons wtth low tnputs. In these zones, no less than 1 165 mtllton 


people - 60 percent of the total - were ltving on land resources able to sustain only 
602 mtllton people. 


A more realtstte assumptton ts that of movement of surplus potenttal food productton 
within countrtes. On thts basts, 54 countrtes (out of the total of 117 studted) have 
tnsuffictent land resources to meet the food needs of thetr 1975 populations wtth low 
level of tnputs. The number of crittcal countrtes would rise to 64 by the year 2000 AD. 


Of these crittcal countries, for the year 2000, 28 would need to ratse thetr tnputs 
to at least tntermedtate level, on all thetr potenttally culttvable land, tf they are 
to meet food requtrements from thetr own land resources. A further 17 would need to 
ratse tnputs to the htgh level to attain food self-suffictency. Nineteen countrtes 
will be unable to meet thetr food needs, from nattonal land resources, even wtth high 
level of tnputs. 


Southwest Asta ts the most erittcal regton. With low level of tnputs, fifteen out of 
stxteen countrtes cannot feed thetr present or expected populations from thetr own 
lands. In Afrtca, the year 2000 populattons of 29 (out of 51) countrtes would exceed 
the physteal potenttal population supporting capactty of thetr entire land resources 
with low level of tnputs. 


. Preliminary land degradatton assessments indicate that, unless conservation measures 
are introduced on all culttvable land, 544 mtllton hectares of potenttally productive 
rainfed cropland - more than one-sixth of the total - could be lost. 


LS te 


Objectives and_assumpttions 


The present study offers, for the first time, a sctenttfte assessment of the stze of 
populattons that the agricultural land resources of the developing countrtes studted can 
support. The results allow nattonal and tnternattonal policy makers to tdenttfy areas where 
land resources are tnsufftetent to meet the food needs of thetr populattons, as well as areas 
of surplus productton potenttals. 


The potenttals are calculated for three alternate levels of tnputs etreumstances, 
namely: 


- low level of tnputs, assumtng only land labour, no ferttlizer and pestictde 
appltcattons, no sotl conservation measures and hence wtth full productivtty 
losses artsing from land degradatton, and culttvatton of the presently grown 
mixture of crops on all potenttally culttvable rainfed lands; 


-  tntermediate level of inputs, assuming the use of tmproved hand tools and/or 
draught tmplements, some fertilizer and pesttetde applteation, some stmple 
sotl conservation measures lessentng producttvity losses from land degradatton, 
and cultivation of a combinatton of the presently grown mixture of crops and 
the most calorie (protetn) producttve crops, on all potenttally culttvable 
ratnfed lands; 


- htgh level of tnputs, assuming complete mechantzatton, full use of optimum 
genette matertal, necessary farm chemtcals and sotl conservatton measures, 
and culttvatton of only the most calorte (protetn) productive crops on all 
potenttally culttvable rainfed lands. 


The objective of the study has been simply to assess the phystcal potenttal of land 
resources to produce food. Factors limtting attainment of this phystcal potential, t.e. 
soetal, economte and instttuttonal factors, are not tneluded nor are land requtrements for 
non-food crops and demands for dtets above the mintmum requtrement Level. The computed 
potenttals provide a phystcal reference system and data base on whtch to supertmpose all 
the dtfferent complex approaches needed to tneorporate these and other factors. 


Methodology 


The methodology developed to compute the potenttals tnittally determines crop 
spectfte rainfed production potenttals through agro-ecologtcal zone deltneatton and analysts, 
matching tdenttfted sotl and eltmatte requtrements of crops with sotl and eltmatiec tnventortes. 


The cltmatte tnventory takes tnto account both heat (major climates) and motsture 
eondtttons (lengths of growtng pertod zones). Sotl resources data ts obtatned from the 1:5 
mtllton FAO/Unesco Sotl Map of the World, which ts also used as the phystcal map base of the 
land tnventory. 


Overlay of the eltmatte tnventory on the Sotl Map allows creatton of untque land areas 
wtthin whteh sotl and eltmatte conditions are known and quanttfted. Compartson of the tnven- 
torted elimatte and sotl attrtbutes of land wtth crop requtrements provides an assessment of 
the suttabtlitty of land for the ratnfed produetton of crops. 


The crops constdered are among the most wtdely grown crops of the world and comprise 
pearl mtllet, sorghum, matze, rice, wheat, soybean, Phaseolus bean, sweet potato, whtte 
potato, cassava, groundnut, banana/plantain, sugarcane, otl palm and grassland/livestock. 


Each area of the land tnventory ts analysed separately for these crons, and for grass- 
Land (livestock) productton, to ascertain whtch crop(s) are the most productive under the 
untque sotl and eltmatte conditions in the area. Prior to this analysts, deducttons are made 
for land required for non-agrtcultural use, for irrigation and for rest pertod (fallow) 
requtrements. Limttattons tmposed by degradation hazards and presently grown mixtures of crops, 
according to levels of tnputs, are also taken into account. 


= 


The results of approprtate areas are totalled to arrive at calerte (protein) potenttals 
for each country length of growtng pertod zone. Once the .maxtmum potenttal calorte (protein) 
productton combination ts ascertained, tneluding the present and projected contrtbuttion from 
trrigated areas, application of FAO/WHO country spectfte per captta calorte (protein) require- 
ments allows computatton of the potenttal populatton supporting capacittes of each zone tn 
each country. 


These assessments of potenttal populatton supporting capactttes are finally compared 
with present (year 1975) and projected (year 2000) populatton data. 


Results 


First regtonal results of present and projected populattons and potenttal populatton 
supporting capacittes are presented and compared. Thts presupposes masstve and unrestricted 
movement of surplus potenttal productton and labour wtthtn regtons (t.e. each regton acting 
as a whole). On thts basis, regtonal potenttal population supporting capacittes are as 
follows: 


For all regions in total, year 1975 potentials are 0.61, 2.11 and 5.05 person per 
hectare wtth low, tntermedtate and high levels of inputs respectively. Equivalent year 2000 
potenttals are 0.86, 2.30 and 5.11 person per hectare. The increased potenttals are due to 
the tnereased trrtgatton produetton projected by the year 2000. 


Differences wtthin these total averages are large, reflecting regtonal vartattons in 
land resource endowment. With low level of tnputs, the 1975 regtonal potentials range from 
a low of 0.16 person per hectare tn Southwest Asta, to a high of 1.39 person per hectare in 
Southeast Asta; a more than etght-fold regtonal dtfference. Regtonal 1975 intermediate level 
of tnputs potenttals are 1.5 to 4.1 times greater than the low level of tnputs potenttals, 
being respectively 0.25 (Southwest Asta), 1.53 (Africa), 1.65 (Central America), 2.92 (South 
Amertea) and 3.76 (Southeast Asta) person per hectare. Htgh level of inputs regtonal poten- 
ttals, for the same time-frame, are 2.5 to 9.7 times greater than the low, with South Amertca 
showing the btgger tnerease. 


Compartsons of these esttmates, wtth data on present and projected populattons, reveal 
that, gtven the assumptions of the study, the lands of the five regtons as a whole could, 
even with low level of tnputs, meet the food needs of 2.0 ttmes the year 1975 populatton 
and 1.6 times the projected year 2000 populatton. 


The regtonal (and total) rattos of projected populations to projected potenttals (for 
the year 2000 wtth low level of inputs) are as follows: Southwest Asta 0.7; Southeast Asta 
i.13 Central Amerteca 1.4; Afrtca 1.6; South America 3.5; overall average 1.6. 


The exceptton to these potentially self-suffictent regtonal food sittuattons ts 
Southwest Asta where the rattos, for the year 2000, are 0.7, 0.9 and 1.2 at the low, tnter- 
medtate and htgh levels of inputs respectively, t.e. thts regton (as a whole) will need to 
Epplymore than intermediate level of tnpute to all tts cultivable land, tf tt te to attain 
food self-sufftcetency for tts year 2000 projected populatton. 


Within these descrtbed regtonal (and total) sttuattons, however, there are very constd- 
erable extents of land whitch cannot meet the food requirements of thetr populations. The lo- 
eattons and extents of these areas, and the populattons involved, are tdenttfted by the 
results of the finest untt of analysts of the study, t.e. the tndivtdual-country length of 
growing pertod zone results. 


Under the presumptton of each indtvidual-country length of growing pertod zone acting 


as a stngle and tndependent enttty, t.e. assuming no movement of surplus potenttal food pro- 
ductton between zones, the extent of crtttcal zones and the stze of population exceeding the 
potenttal ts large. With low level of tnputs, an estimated 2 453 mtllton hectares of land 
are assessed as betng unable to meet the food needs of present (year 1975) populattons. Thts 
ertttcal extent ts reduced to 1 434 mtllton hectares wtth high level of tnputs. Stzes of 
populattons exceeding the potentials are esttmated at 563, 176 and 102 mtllton persons with 
low, tntermedtate and high levels of inputs respecttvely. 


The extent of these ertttcal areas ts most marked tn Southwest Asta where 75 percent 
(506 millton hectares) of the total land area ts assessed as crtttcal wtth low level of 
tnputs. Equtvalent figures for other regions are: Africa - 47 percent (1 355 million ha); 
Southeast Asta - 35 percent (313 mtllton ha); Central Amertca - 25 percent (67 millton ha) 
and South America - 12 percent (213 mtllton ha). 


Locatton of these ertttecal tndtvtdual-country length of growtng pertod zones vartes 
between regtons. In general they are confined to lengths of growing pertod zones of less than 
150/180 days in the warm troptes, but extend over most growtng pertods in the more densely 
populated moderately cool and cool troptes. The degree of ertttcality, t.e. the ratio by whitch 
populatton exceeds the potenttal population supporting capactty, ts htghest in these latter 
major eltmates where a constderable number of tndtvtdual-country zones remain crtttcal even 
with high level of tnputs. The exceptton to thts general picture ts Southeast Asta where 
ertttcal zones are widespread, with low level of tnputs, tn the longer lengths of growtng 
pertod zones tn the warm troptcs. 


Aggregatton of the above desertbed tndtvtdual-country length of growing pertod zone 
results to the regional growing pertod zone level, emphastses the great effect of climatic 
(and sotl) endowment on potenttal populatton supporting capactttes. For the five regions in 
total, the highest average potentials occur tn the warmer major climates of the tropics, sub- 
troptes and temperate regions, e.g. troptes: warm - 0.75 person per hectare; moderately cool 
- 0.16; cool - 0.12; and cold 0.05 person per hectare respectively with low level of inputs. 
Thus, overall, average potenttals in the warm troptes are some stx-fold greater than in the 
GOOl tropics. 


Equally large vartattons tn potenttal populatton supporting capacittes also occur 
between lengths of growtng pertod zones, grouped for all major climates. On average, over the 
five regtons as a whole, the highest potenttals occur tn the longer length of growing pertod 
zones, t.e. more than 269 days, where potenttals (wtth the low level of tnputs etreumstance) 
are in the range 0.82-1.58 person per hectare. The middle group of growing pertod zones, 
t.€. 90-269 days, have tntermedtate values (0.50-0.93 person per hectare) while the shorter 
lengths of growtng pertod group (less than 90 days), with severe moisture limitations for 
erop growth, show the lowest potenttals (t.e. 0.12-0.31 person per hectare). This pattern is 
partteularly marked in those regtons containing relatively small extents of trrigated lands, 
t.e. Afrtca, South Amertca and Central America. 


The report emphastses that these three sets of results, t.e. the regional results, the 
tndtvidual-country length of growing pertod zone results, and the regtonal growing pertod 
zone results, comprtse three markedly contrasting degrees of aggregation and hence presuppose 
three markedly contrasting movement of surplus assumptions, namely: 


- within regtons, 
- wtthin tndivtdual-country lengths of growing pertod zones, 


- within regtonal lengths of growtng pertod zones. 


A sttuation closer to present day reality ts the assumption of movement of potenttal 
surplus within each country, t.e. each country acting as a single entity. The results of such 
a presumptton are provided by the country aggregated results. These show that, at year 2000 
and wtth the low level of inputs circumstance, 64 countrtes (out of a total of 117) will be 
unable to meet the food needs of thetr projected populations from their own land resources; 
29 are tn Afrtca, 15 tn Southwest Asta, 14 in Central Amertca and 6 tn Southeast Asta. 


At thts low level of tnputs ctreumstance, the total land area of erttteal countries 
ts a masstve 2 016 millton hectares and the stze of population exceeding the potential ts 
003 mtllton people. 


aS ee 


Even wtth appltcatton of tntermedtate level of tnputs to all cultivable land, 36 
countrtes will continue to be unable to meet the food needs of thetr year 2000 populations 
from thetr own land resources, (land area - 1 244 millton hectares; excess populatton - 

141 millton). Nineteen of these countrtes (several of them small in extent) will be unable 
to meet future food needs even wtth htgh level of tnputs (land area - 404 millton hectares; 
excess populatton - 48 millton). 


In the report, an example ts given on how the food defictts of ertttcal countrtes can 
be met from adjacent countrtes wtth surplus potenttal productton. This example suggests that, 
tn general, the food defictt sttuatton tn most of the ertttcal countries could be overcome 
by food tmports from bordertng or geographtcally adjacent countrtes. 


The report coneludes that while these results represent only a 'first approxtmatton' 
of the overall phystcal sttuatton, as revealed by tnterpretatton of a 1:5 mtllton scale land 
tnventory, they do tndtcate the masstve extent of the problem and some posstble soluttons. 


For those areas that already carry more people than the land resources can support 
with htgh level of tnputs, soluttons tnvolving populatton planning and distribution, major 
Land improvements including trrigation and food importation (especially from adjacent countries 
with surplus productton potenttals) have to be constdered. Without such remedies, continuatton 
of the present sttuatton tn erttteal areas not tmporting food, can only lead to condtttons 
worsentng at an accelerated rate, through land degradatton, declintng productivtty and hunger. 


In areas where the sttuatton ts ertttcal at low and tntermedtate levels of tnputs, a 
further posstbtlity ts apparent, namely ratstng the level of inputs to attain addtttonal 
productton. The economics of thts and of major land improvements, however, require careful 
tnvesttgatton. 


Withtn thts context, the report emphastses that development actton ts, however, the 
result of soctal, economic and instttuttonal poltetes in the context of all human, nattonal 
and matertal resources. The study provides the estimate of the physical potenttal. Actual 
development wtll necessitate a whole set of integrated poltectes applied to all resources. The 
reported results provide, for the first ttme, a phystcal data base and reference system for 
the constderation of development requtrements and opttons. 


It ts hoped that the report highltghts the need for detatled country studtes on 
productton potenttals and potenttal populatton supporting capactttes of lands. Only wtth 
such studtes will tt be posstble to provtde the reference resource base requtred for planning 
adequately for the well-being of present and future populatton on a sound envtronmental basts. 
Within the limtts of working means avatlable, FAO hopes to have the opportunity to apply the 
expertence gatned tn the present study and to asstst in such work. 
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1. INTRODUCTION 


ie INTRODUCTION 


Man's demands for food, from the natural resources that sustain his very 
existence, have increased enormously in recent years. By year 2000 a world population 
of more than 6 billion will require an agricultural output some 50 to 60 percent 
greater than in 1980. Demand for food and agricultural products in Developing 
Countries will double (FAO, 1981). 


"Are global land resources sufficient to achieve this increased production 
and feed future populations?', is a question of increasing world wide concern. ‘'Are 
country land resources sufficient to attain food self-sufficiency for our present and 
future populations?', is a question increasingly being asked by countries seeking 
self-reliance. 


Answers to both questions are only possible by quantification of land resources 
and evaluation of their food production and population supporting potentials. 


Such quantification and interpretation, at a 1:5 million scale, is attempted, 
for the Developing World (excluding East Asia) 1/, in the presently reported study. 


Background 


The ability of land to produce food is limited. The limits of production are 
set by soil and climatic conditions and the use and management applied to the land; 
"mining' of land beyond these limits will, in the long term, only result in degradation 
and ever decreasing productivity. 


Accordingly, there are critical levels of populations that can be supported, 
in perpetuity, from any given land area. Any attempts to produce food for populations 
in excess of the restrictions set by soil and climatic conditions will, in the long 
term, result in failure. Degradation of land, hunger and eventual reduction in 
population are the outcome of such practices. 


Recognizing these facts within the context of a rapidly expanding world 
population, the Food and Agriculture Organization of the United Nations (FAO) and the 
United Nations Fund for Population Activities (UNFPA), in collaboration with the 
International Institute for Applied Systems Analysis (IIASA), initiated project 
INT 75/P13 to determine the physical limits of population supporting capacities of 
lands. 


a] Countries studied are listed, by regions, in Table 3.4. 


Prerequisites 


That the study was even considered feasible, is due to no less than 20 years of 
prior work, undertaken mainly by the staff of the Soil Resources, Management and 
Conservation Service of FAO and cooperating 'soils' institutes and agencies throughout 
the world. 


This effort resulted first, in the publication of the complete FAO/Unesco Soil 
Map of the World (FAO, 1971-1981). This work was undertaken primarily to overcome the 
lack of correlation that had hitherto characterized the field of soil mapping. Various 
countries had established their own nomenclature, survey methods and systems of 
classification. This made any comparison or exchange of information extremely difficult, 
with a very great risk of misunderstanding and practical error. 


In a bid to remedy this state of affairs, FAO and Unesco, in 1961, agreed to 
prepare jointly, a soil map of the world, based on a synthesis of available soil survey 
material. 


The secretariat was located at FAO headquarters in Rome. Its activities led 
gradually to the adoption of a common terminology and nomenclature acceptable to and 
understandable by all. With the help of soil specialists, national and private 
geographical institutes and governments, no less than 10 000 maps, reports and 
explanatory documents were collected and today these are filed and indexed at FAO 
headquarters. A large amount of first-hand information, provided by FAO staff carrying 
out field surveys for development projects, helped to fill in many of the gaps that 
became apparent. The work was finally completed in 1978 and made possible, for the 
first time, an appraisal of the world's soil resources in a common, internationally 
accepted, language (Dudal and Batisse, 1978). 


Concurrently with the later stages of these activities, developments were also 
taking place in the field of interpretation of 'soils' information for assessing 
land suitability, and were aimed at developing an internationally acceptable 
standardized methodology for land evaluation. 


By 1970, most countries of the world had developed their own particular systems 
of land evaluation. This, too, made interchange of information difficult and there 
was clearly a need for international discussion to achieve some form of standardization. 
The idea for such consultations was conceived in 1970, with the objective of developing 
a Framework for Land Evaluation that would be widely acceptable to survey and evaluation 
organizations and which would meet the needs of the widest range of possible users. 
Preparatory work for the consultation was undertaken, in the subsequent 24 months, by 
two multi-disciplinary committees, one in the Netherlands and one within FAO. The 
actual consultation was held at the International Agricultural Centre, Wageningen, 
in 1972. The consultation achieved a major step forward, by devising a Framework for 
Land Evaluation, into which national systems could fit. This Framework was first 
published in 1976 (FAO, 1976) and now forms the basis for many land evaluation 
activities throughout the developing and developed world. Some major principles are 
referred to on page 9. 


The publication of the principles for land evaluation, at the time of 
completion of the Soil Map of the World, was opportune. Recognizing the importance 
of both activities, FAO applied the 'Principles' to the 'Map', to arrive at estimates 
of the extents of land variously suited to the production of specific crops in the 
Developing World. For the first time such estimates could be crop and level of input 
specific. 


The results of this initiative was FAO's Agro-ecological Zones Project, a two- 
year study (1976-78) of potential land use by agro-ecological zones to provide 
quantified data on the production potential of the Developing World's land resources. 
Initially the project dealt with the rainfed production potentials, at two levels of 
inputs, for 11 main crops. The FAO/Unesco Soil Map of the World was used as the base 
for the study and most of the land evaluation principles, developed over the previous 
years, were applied. In essence the methodology employed determined the soil and 
climatic requirements of crops and matched these with soil and climatic inventories 
to arrive at estimates of crop potentials. An inter-disciplinary approach was 
adopted with collaboration from seven divisions within FAO. Publication of results 
commenced in 1978 with issue of the report for Africa and reports covering all regions 
are now available in the respective four volumes of World Soil Resources Report No. 48 
(FAO, 1978-1981). 


The issue of the Africa report in 1978 attracted the attention of (among others) 
the United Nations Fund for Population Activities (UNFPA). Specifically that Organization 
posed the question 'can the agro-ecological zone crop potential estimates be converted 
into estimates of potential population supporting capacities; if so, can these 
population potential estimates be compared with data on present and projected 
populations to identify critical areas where land resources are insufficient to meet 
food needs'. 


The answer to both questions was 'yes' and led UNFPA to commission the presently 
reported project which is based, to a large extent, on the prerequisite activities 
started some 20 years previously. 


Objectives and Scope 


The principle objectives of the study are, first, to ascertain on the basis of 
land resource inventories, the potential population supporting capacities of lands 
in the Developing World with various levels of inputs. And, second, to compare these 
estimates with data on present and projected populations in order to identify problem 
areas where land resources are insufficient to meet the food needs of populations 
at present (or projected to be) living on them and where action is urgently required to 
rectify this situation. 


Subsidiary objectives of the study are to enhance awareness of the facts that 
land resources are very unevenly distributed between and within countries, that food 
production and population supporting potentials of land resources vary considerably 
within and between input systems, and that quantification of land resources and their 
potentials are essential prerequisites to the development of sound policies on 
agricultural and population planning. 


It is hoped that the results will be used as an improved physical resource 
base for planning future population activities; will shed light on migration/land 
resource issues and will catalyze more detailed country studies, particularly in 
problem areas. 


The project was commissioned by UNFPA in 1978. Originally two phases were 
envisaged namely: 


a. 1:10 million scale studies of five regions in the Developing World 
(Phase I), and 


b. 1:1 million scale studies in selected countries to develop and test refinements, 
of the methodology, for undertaking detailed studies in critical areas (Phase II). 


Financial limitations necessitated restricting the project to Phase I 
activities only, under UNFPA financing. It is hoped to implement Phase II under 
UNEP or UN (Development and International Economic Co-operation) auspices and 
attempt quantification of the inter-relationships between resources, environment, 
population and development in the assessments. 


The present technical report records the work and results of the UNFPA financed 
Phase I activities. Countries covered by the study are listed, by regions, in Table 
3.4. Some small territories are excluded from the study, because of the very special 
nature of their environments. East Asia is not included in the study. 


The work was undertaken within four Divisions in FAO, under the lead of the 
Soil Service of the Land and Water Development Division and in collaboration with the 
Food and Agriculture Program of IIASA. Activities of the project have been guided by 
two international expert panels. The first panel (December 1977) approved the 
proposed methodology. The second, (December 1979), deliberated the first results 
obtained (Africa) and gave the 'go-ahead' for proceeding with the remaining four 
continents (Southwest Asia, South America, Central America and Southeast Asia). 


Reports on the two expert panel meetings and nine constituent consultants' 
papers, record progress of the study (FAO, 1978-80). 


Activities and results of the project are recorded, in the present report, 
in four sections. 


The COLOURED REGIONAL MAPS in the pocket display the 1975 time-frame potential 
population supporting capacities of each individual-country length of growing period 
zone and identify critical zones where present populations are in excess of the 
potential population supporting capacity at the stated levels of inputs. The results 
of each of the three input level assessments are shown separately, making a total of 
15 coloured map sheets. Highlights of the maps are presented in the text. 


The METHODOLOGY used to achieve these results is described in the section 
immediately following the introduction. The methodology is described as an aid to 
an appreciation of the results andasa guide to those wishing to apply it to the 
suggested more detailed national studies. While the concepts and principles of the 
methodology are scale neutral, more detailed data inputs are necessary for such 
detailed country work. The methodology section also contains data, necessary for the 
generation of the final results, on regional soils, climates, non-agricultural land 
use needs, fallow period requirements, land degradation and crop-mixes. 


Aggregated total, regional and country results, for the 1975 time-frame 
and the year 2000 time-frame, are recorded in tabular and figure form at the end 
of the report. This data is summarized and interpreted in the FINDINGS section. 
In the findings section, comparisons of the potential population supporting 
capacity results, with present and projected population data, are effected for each 
country. 


The final REVIEW section considers the findings in the light of present 
and projected population situations at the country level. The country results are 
also used to provide examples of the reduction in food deficits that can be obtained 
from movement of surplus potential production between countries grouped and functioning 
as a collaborating geographic entity. This is undertaken both for the present (year 
1975) and future (year 2000) time-frames. This section also points to some policy 
implications at national and international levels. It is hoped to expand these 
implications in a 'final' report on the project. 


2. METHODOLOGY 


a 


hes METHODOLOGY 


The methodology developed by the project, to assess the potential population 
supporting capacities of lands, includes six principles which are fundamental to 
any sound evaluation of land. Namely: 


Ls land suitability is only meaningful in relation to a specific use, 
e.g. land suited to the cultivation of cassava is not necessarily 
suited to the cultivation of white potato; 


ay the evaluation of production potential is made in respect of 
specified levels of inputs, e.g. whether fertilizers are applied, 
if pest control is effected, if machinery or hand tools are used; 


Lid, suitability refers to use on a sustained basis, i.e. the envisaged 
use of land must not result in degradation, e.g. through wind erosion, 
water erosion, salinization or other degradation processes; 


2Vic evaluation involves comparison of more than one alternative type of 
land use, e.g. suitability for millet or sorghum or maize, and not 
just for one crop; 


Vv. different kinds of land use are compared at. least on a simple economic 
basis, i.e. suitability for each use is assessed by comparing the 
value of the produce to the cost of production; 


Vir. an inter-disciplinary approach is adopted, the evaluation being based 
on inputs from crop ecologists, agronomists, climatologists and 
economists, in addition to those from pedologists. 


These principles are described in a "Framework for Land Evaluation" (FAO, 
1976) and form an important part of the overall methodology. 


The Overall Model and its Concepts 


Figure 1.1 schematically illustrates the methodology developed to assess 
potential population supporting capacities, the block numbers in the figure relating 
to the step descriptions in the present section. The assessment is made for the 
three levels of inputs and associated circumstances defined overleaf. Each 
assessment considers 18 crops to ascertain maximum potential calorie production and 
hence potential population supporting capacities. The 18 crops considered are as 
listed, and are among the most widely grown crops of the world. The eighteenth 
crop, grassland, is used for the estimation of livestock potential. 


Basic to the assessement is the land inventory (climate and soil) shown at 
the head of the flow chart (1). This inventory comprises overlay of a specially 
compiled climatic inventory onto the 1:5 million FAO/Unesco Soil Map of the World 
(FAO, 1971-81). 


The Soil Map records the composition, location and extent of some 5 000 mapping 
units which are associations of soil units. The legend to the map is based on 26 
major soil units, 106 soil units and 12 phases important to production management. The 
climatic inventory differentiates major climates (e.g. warm tropics) and lengths of 
growing period zones at 30 days intervals (e.g. 120-150 days). 


Measurements of the unique land units resulting from this combination allows 


quantification of the land resources of countries in terms of soil and climatic 
conditions matched to the soil and climatic requirements of crops. 


DEFINITION OF LEVELS OF INPUTS AND ASSOCIATED CIRCUMSTANCES 


Crops of the pearl millet, sorghum, maize, rice, wheat, sweet potato, white potato, cassava, phaseolus bean, soybean, barley, 
oil palm, groundnut, banana/plantain, sugarcane, grassland 


assessment: 


ATTRIBUTE LOW INPUT LEVEL INTERMEDIATE INPUT LEVEL HIGH INPUT LEVEL 


Production 
system 


Rainfed cultivation of presently 


Rainfed cultivation with part change 
grown mixture of crops 


Rainfed cultivation of optimum 
to optimum mixture of crops 


mixture of crops 


Technology 
employed 


Power 
sources 


Labour 
intensity 


Capital 
intensity 


Market 
orientation 


Infrastructure 


requirements 


Land holdings 


Local cultivars. No fertilizer 
or chemical pest, disease and 
weed control. Rest (fallow) 
periods. No long-term soil 
conservation measures 


Manual labour 
with hand tools 


High, including uncosted family 
labour 


Low 


Subsistence production 


Market accessibility not necessary. 


Inadequate advisory services 


Fragmented 


Improved cultivars as available. Limited 
fertilizer application. Simple extension 
packages including some chemical pest, 
disease and weed control. Some rest 
(fallow) periods. Some long-term 
conservation measures 


Manual labour with hand tools and/or 
animal traction with improved implements 


High, including part costed family 
labour 


Intermediate with credit on accessible 
terms 


Subsistence production plus commercial 
sale of surplus 


High yielding cultivars. Optimum 
fertilizer application. Chemical 
pest, disease and weed control. 
Minimum rest (fallow) periods. 
Complete conservation measures 


Complete mechanization including 
harvesting 


Low, family labour costed if used 


High 


Commercial production 


Some market accessibility necessary with Market accessibility essential. 
access to demonstration plots and services High level of advisory services 


Sometimes consolidated 


and application or research 
findings 


Consolidated 


The country land inventories consist of a number of agro-ecological cells, each 


quantifying the extent of each individual soil unit (broken down by phase, slope and 
texture class) as it occurs in each major climate and in each length of growing period 


zone. 


Prior to the analysis of the inventory to ascertain maximum potential calorie 


production, deductions are made for land required for irrigation (2) and for non- 


agricultural use (3). 
available for rainfed cultivation (4). 


The result of these deductions are country inventories of land 
After selection of the input level to be 


assessed (5), each agro-ecological cell of the inventory (more than 35 000 cells for 
Africa) is analysed separately for all crops of the study to ascertain which use is 


most productive under the unique circumstances of the cells' soil and climatic 
conditions. 


This is achieved by firstly applying major climate/crop temperature requirement 
rules (6) to ascertain 'suitable' crops, i.e. which crops can be considered further 
(7). Individual crop productivity rules (as determined for each major climate and 
each length of growing period zone) are then applied (8) to arrive at estimates of 
agro-climatic productivity (9). Subsequent application of limitations imposed by 
soil, phase, slope and texture (10), rest period requirements (11), degradation 
hazard (12) and seed and waste deductions (13), then allows computation of crop- 
specific land productivity potentials (14). 


The next step in the methodology is application of calorie-protein conversion 
factors (15) to obtain calorie=protein production potentials of different crops. 
Selection of the crop giving the highest calorie production in each agro-ecological 
cell is then effected (16) and the results from all cells in each length of growing period 
zone are totalled to arrive at the maximum potential calorie-protein production from 
each length of growing period zone in each country (19). For the high and intermediate 
levels of inputs circumstances, a protein availability constraint at zone level is 
applied. For the low level of inputs, a constraint of retaining the presently grown 
mixture of crops (18) is included. Data on the presently grown mixture of crops, in 
each length of growing period, zone is derived from present land use inventories. 


Once the maximum potential calorie production (with constraints) is determined 
for each length of growing period zone, application of country specific per capita 
calorie requirements (20) allows computation of the potential population supporting 
capacity in each length of growing period zone in each country (21). This data is 
presented as potential population densities (person per ha) and is compared with 
base (year 1975) population density data (22) to identify critical zones/countries 
where, according to the level of inputs envisaged, potential sustained production 
from land resources is insufficient to meet the food needs of the populations living 
in these areas. Country population projections for the year 2000 (23) - UN medium 
variant projections, are also compared with country potential population densities 
to identify critical countries, i.e. countries which will be critical with regard 
to food production for their future populations. At the scale of the assessment, it 
has not been possible to take into account existing or projected trade of food 
between countries. 


Various aspects of the methodology are dealt with in more detail in the 
following sections. 


The Land Inventory 


Climate 


The usefulness of a climatic inventory, for predicting agro-climatic 
suitability for crop production, is dependent on how far the climatic requirements 
of crops can be matched with the climatic parameters used in the inventory. 
Accordingly data on the climatic requirements of crops is an essential prerequisite 
to the compilation of a climatic inventory to be used for assessment of agro- 
climatic crop suitability. 


To aid the compilation of such data on climatic requirements, crops can be 
classified into climatic adaptability groups according to their fairly distinct 
photosynthesis characteristics (Kassam, 1979a). Because crop adaptability is 
temperature dependent, prevailing temperature conditions determine which crop groups 
can be grown and which cannot and thus this climatic parameter is an essential 
component of any climatic inventory for crop suitability. Four such temperature 
related crop groups have been formulated (Kassam, Kowal & Sarraf, 1977). 


Providing temperature requirements are met, the degree of success in the growth 
of a crop is largely dependent on how well its optimum length of growth cycle fits 
within the period when sufficient water is available for growth. Curtailment of the 
growth cycle is naturally reflected by decreased yield and the same is true for 
enforced extended growth cycles. Accordingly, under rainfed conditions, the time 
when water is available for crop growth is also of vital importance for any assess- 
ment of crop suitability. Provided this (with radiation and temperature data) is 
known, climatically potential crop yields, in suitable prevailing temperature 
regimes, can be quantified. Subsequent application of crop specific agro-climatic 
constraints (e.g. rainfall variability, pests, diseases, workability) as related 
to various environmental conditions, provides quantification of agro-climatically 
obtainable yields. 


Recognizing these facts, the climatic inventory created by the study of 
necessity characterizes both heat and moisture conditions. This is achieved through 
the concept of the length of growing period, being defined as the duration (in days) 
when both water and temperature permit crop growth. A moisture supply from rainfall 
of half, or more than half, potential evapotranspiration has been considered sufficient 
to permit crop growth. Mean daily temperatures greater than 5°C have been considered 
as conducive to growth. 


Quantification of the heat attributes, during the growing period, is achieved 
by classifying major climates defining the actual temperature regime during the 
growing period,as shown below. 


CHARACTERISTICS OF MAJOR CLIMATES 


Major Climates during 24-hr Mean (daily) 
Growing Period Temperature (¢) 

Regime during the 

Growing Period 


Climate 
Descriptive Name 


Tropics Warm tropics More than 20 
All months with monthly mean Moderately cool tropics 5) = BO 
temperatures corrected 


Warm/moderately cool 
5 sub-tropics 
(summer rainfall) 


Warm/moderately cool 
sub-tropics 
(summer rainfall) 


= 
Warm sub-tropics 


Sub-tropics (summer rainfall) EEO eye 


One or more months with Moderately cool 
monthly mean temperatures, sub-tropics 
corrected to sea level, (summer rainfall) 
below 18°C but all months 

above 5°C 


Cold sub-tropics 
(summer rainfall) 


Cool sub-tropics 
(winter rainfall) 


Temperate 
One or more months with monthly 


mean temperatures, corrected to Less than 5 
Co) 
sea level, below 5 C 
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The temperature thresholds, used in these definitions, accord with those 
differentiating the four major crop groups and therefore allow matching of the 
temperature requirements of the crops with the temperature parameters used in the 
climatic inventory. In this way the groups of crops which can be considered as 
"possible' for growth in the different major climates are identified. 


Quantification of moisture conditions in the growing period is based on a 
water balance model comparing precipitation (P) with potential evapotranspiration 
(PET) and allowing for upto a100 mm of soil moisture storage. Areas that have 
a humid (P>PET) during the growing period, are inventoried separately from those 
that do not; the former are designated as 'normal', the latter as 'intermediate'. 
Variations in moisture conditions are taken into account in subsequent computation 
of agro-climatically attainable crop yields. 


The data utilized for compilation of the climatic inventory and for other 
further climate-related calculations, comprise meteorological records from 3 500 
stations where extended data on rainfall, maximum and minimum temperatures, vapour 
pressure, wind speed and sunshine duration is available on a monthly basis (AGP 
Climatic Data Bank). 


The climatic inventory of lengths and types of growing periods, by the major 
climates recognized, was undertaken on the 1:5 million FAO/Unesco Soil Map of the 
World by: 


= plotting the individual station values of the lengths of growing 
periods; 


= constructing isolines of growing periods with values of 0, 75, 90, 
P20 onl OO), 62 HO 405-270-7300, 330, 3655, 365 * dayspedelineating 
length of growing period zones of 0-74 days, 75-89 days, 90-119 
days, etc. 


Areas with year-round humid period are designated as 365+ days whereas areas 
with year-round growing period are designated as 365” days. 


Areas with 'normal' growing periods are delineated by continuous lines, 
while those with ‘intermediate’ growing periods are distinguished with broken lines. 
Where station data were limited, rainfall information and land use maps provided 
guidance for the isoline construction. 


This 1:5 million inventory was reduced to 1:10 million to form the base for 
the potential population supporting capacity maps which accompany this report. 


The distribution and extents of grouped lengths of growing period zones and 
major climates, in five regions of the Developing World (and in total), is presented 
in Table 2.1 and in full in Table 3.2. A generalized interpretation of this data 
(overleaf) reveals the following regional (and total) distribution of dominant 
climatic conditions for agriculture. 


The data shows that, climatic resource endowment varies considerably between 
regions. South America contains the highest percentage of long growing periods 
(65.7 percent) followed by Southeast Asia (52.1 percent), Central America (40.4 
percent) and Africa (33.6 percent). Only 3.3 percent of Southwest Asia benefits 
from conditions of long growing periods. 


Dry desert conditions prevail over more than half of Southwest Asia (54.6 
percent) and over nearly one-third of Africa (29.4 percent). Year-round humid 
conditions with excess rainfall are most prevalent in Southeast Asia (9.6 percent) 
and South America (6.8 percent). 
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DOMINANT REGIONAL CLIMATES 


(extent - million hectare) 


SOUTHWEST SOUTH CENTRAL SOUTHEAST 


ASTA AMERICA AMERICA ASIA pote 


AFRICA 


COLD 

(severe 
temperature 
constraints) 


WARM/ COOL 
(no severe 
temperature 
constraints) 


Dry (0 days) 


Inadequate 
growing periods 
(1-74 days) 


Short growing 
periods 
(75-179 days) 


Long growing 
periods 
(180-365- days) 


Year-round humid 
(365* days) 


2S Srel 677.4 L702 PAU SS 897.6 6 494.9 


Figures in parenthesis are percentages of regional Totals. 


Summing the areas which are climatically suitable for rainfed crop production 
(i.e. short, long and year-round humid growing periods with no severe temperature 
constraints) reveals the following increasing order of benefit in climatic resource 
endowment. 


Southwest Asia “ 17.9 percent 
Africa =o woepeLcent 
Central “America j=) 03.7) percent 
Southeast Asia a 84.2 percent 
South America = 85.5 percent. 


More than 80 percent of Southwest Asia is climatically not suitable for 
rainfed crop production. In contrast more than 85 percent of South America is 
climatically suitable for rainfed crop production. 


SonL 


The 1:5 million FAO/Unesco Soil Map of the World (FAO, 1971-81) is used as 
the base for the study, not only for provision of soil, slope, texture and phase data 
but also as the physical map base of the land inventory. Certain attributes of this 
soil inventory are particularly pertinent to the land inventory and are, accordingly, 
described. 


The legend of the Soil Map of the World comprises 106 different soil units, 
(26 major soil units), and the symbols and names of the major units are reproduced 
below. 


J Fluvisols Q Arenosols Z Solonchaks K Kastanozems 
G Gleysols E Rendzinas S Solonetz C Chernozems 
R Regosols U Rankers Y Yermosols H Phaeozems 
teri chosols T Andosols X Xerosols M Greyzems 
B Cambisols V Vertisols A Acrisols O Histosols 
ELuvisols D Podzoluvisols N Nitosols 

P Podzols F Ferralsols 

W Planosols 


The mapping units employed in the Soil Map are associations of soil units and 
are usually composed of a dominant soil and of associated soils. Each of the latter 
occupies at least 20 percent of the area of a mapping unit; important soils which 
cover less than 20 percent of the area of a mapping unit are inventoried as inclusions. 
The composition and extent of each soil association is given on the reverse of each 
respective map sheet and in the explanatory texts of the map. 


In the mapping unit symbol of the soil associations, textural class, slope 
class and phase (if present) are described as follows: 


The textural class applies to the dominant soil and three textural classes 
are differentiated, namely: 


1 —- coarse textured, 
2 - medium textured, 


3 - fine textured. 


Three slope classes are distinguished. They indicate the slope which dominates 
the area of the mapping unit and are labelled, in the mapping unit symbol, by the 
letters a, b or c. The three slope classes are: 


a - level to gently undulating; dominant slopes ranging between 
O and 8 percent 


b - rolling to hilly; dominant slopes ranging between 8 and 30 percent 


Cc - steeply dissected to mountainous; dominant slopes are greater 
than 30 percent. 


Phases indicate land characteristics which are not reflected by the composition 
of the soil associations but are significant to the use or management of the land. 
The 12 phases recognized are: stony, lithic, petric, petrocalcic, petrogypsic, petro- 
ferric, phreatic, fragipan, duripan, saline, sodic and cerrado. 


The distribution and extent of the most extensive major soil units, in five 
regions of the Developing World, is presented in full in Table 2.2 together with 
the distribution and extent of soil phases, texture classes, slope classes and 
miscellaneous land units. A generalized interpretation of this data (overleaf), 
reveals the following regional (and total) distribution of soil conditions for 
agriculture. 


Twenty-one (21.4) percent of the total area of the five regions comprises soils 
with no inherent fertility limitations, while the remainder of the area (78.9 percent) 
consists of soils with some kind of limitations, e.g. poor drainage (6.5 percent) 
shallow depth (14.0 percent). The individual regions vary considerably in their soil 
resource endowment: Central America and Southeast Asia contain the highest percentages 
of soils with no inherent fertility limitations (43.8 and 36.2 percent respectively) 
followed by South America (20.3 percent), Africa (18.6 percent) and finally Southwest 
AsiarG/.G percent). 


The major kind of limitation, in the remaining area, varies between regions. 
The major soil limitations in Africa are coarse textures (19.7 percent), desert soil 
conditions (16.0 percent) and fertility (14.6 percent). Desert soil conditions and 
coarse textures are also main limitations in Southwest Asia comprising 34.1 percent 
and 18.7 percent respectively of the total area; shallow depth (26.6 percent) and 
salinity/alkalinity (7.9 percent) are also important soil limitations in this region. 
The Central America region is not dissimilar, with shallow depth (22.3 percent) and 
desert soil conditions (11.7 percent) comprising the main limitations. 


In contrast the moister Southeast Asia and South America regions exhibit a 
different order of occurrence of main soil limitations, namely fertility limitations 
(24.5 and 40.8 percent respectively), shallow soil depth (11.0 and 10.9 percent) and 
poor drainage (8.4 and 10.2 percent). 


These soil limitations exert a considerable influence on the regional 
potentials for rainfed crop production. 


DOMINANT REGIONAL SOILS 


(extent-million hectare) 


AFRICA SOUTHWEST SOUTH CENTRAL SOUTHEAST TOTAL 
ASTA AMERICA AMERICA ASTA 
Soils with no inherent 
fertility limitations cz Shes) 359.8 118.9 324.4 1 389.8 
CER CHB am Rela He Nie Dime) (18.6) (7.6) @O.3) (43.8) (36.2) (21.4) 
Soils with severe 
fertility limitations 419.1 2 UIE RS 16.2 PAE) ©) iL BV Iole 
(A,F,P) (14.6) (OEE)) (40.8) (6.0) (24.5) (21.36) 
Heavy cracking 98.8 Sian, 24.9 oP 57/8) 200.5 
clay soils (V) (3.4) (0.8) (1 e4) (4.9) ((a5,5))) (al) 
Salt affected 64.3 Die 56.5 Jip, \ 20.0 196.3 
Sondism (Zao) C22) SG. 9) (Sie) (0.8) (222) (3.0) 
Poorly drained 529) 2.6 179.9 Wace TD a0 423.9 
soils (G,0,W) G3) (0.4) (10.2) (4.7) (8.4) (6.5) 
Shallow soils 3763 180.4 193.6 60.6 98.7 909.6 
(1.U,E) GBen) (26.6) (10.9) (2253) C10) (14.0) 
Coarse textured 
soils (Q,R) S871 <5) 126.9 Weve 15.9 BASS 895.0 
(19.7) Si) (a5) (Goth) (5.8) Gi3ie9) 
Semi-desert & 459.2 230.9 93.9 Sy\ats) ED: 858.5 
desert soils (X, Y) (16.0) (34.1) (S52) (Gills 79) (4.8) (Qlsioy) 
BIg’) PAE ie, I 
(0.6) (SYA Ib) 
Total 2 878.1 677.4 a Ola 27.6 897.6 6 494.9 


Figures in parenthesis are percentages of Totals. 
Letters in parenthesis are the major soil symbols referred to previously. 


Some soils exhibit several of the above listed characteristics and only the main 
limitation has been considered in the above generalized interpretation. 


eee. 


oe 


Ze | 


Land 


Overlay of the climatic inventory on the Soil Map, allows creation of unique 
land units within which soil and climatic conditions are known and quantified. After 
compilation of this land inventory map, the area of each soil mapping unit is 
measured as it occurs in each length of growing period zone, in each major climate 
and in each country. This measurement is achieved by a 2 mm (100 km2) grid count 
corrected for reported areas of countries' land masses. The data is used, as follows, 
to create the computerized land inventory of extents of soil units, by slope and 
texture classes and phase (where present), as they occur in each length of growing 
period zone, in each major climate and in each country (i.e. the agro-ecological 
cells): 


The first stage of the computer program records the extent and composition 
of each mapping unit according to the listings given in the appropriate texts of 
the Soil Map. This data is then sorted by countries in the form of ‘turn-around' 
documents, for entry of the areas of each mapping unit by length of growing period 
zone and major climate as obtained from the grid count. 


The second stage of the program converts this basic data input into individual 
extents of each soil unit in each mapping unit, by slope and texture classes and 


phase, as they occur in each length of growing period zone and in each major climate 


at the country level. 
The third and final stage of the program provides total extents of each soil 
unit broken down by texture class, slope classes and phase as they occur in each 


major climate and in each length of growing period zone on a country basis. 


Such is the computerized land inventory compiled and used in the study. 


Land For Rainfed Production 


Not all the inventoried land is available for rainfed agricultural production. 
Land requirements for non-agricultural use, rest (fallow) periods and for irrigation, 
need to be taken into account, before rainfed production potentials can be calculated 
on an annual basis. In the study, such land requirements have been estimated as 
follows: 


Non-agricultural Land Requirements 


Requirements for land, other than for agricultural purposes, include areas 
for habitation, communications, industry, mining, conservancy and recreational use. 
These non-agricultural land requirements are essential to the functioning of 
communities, and are dictated not only by the desires of populations, but also 
by environmental conditions, population pressures and land use practices. Extreme 
cases reveal variations from near zero to 33 percent in the proportion of total land 
area devoted to non-agricultural use. Such requirements must be taken into account 
in computing production potentials and potential population supporting capacities 
of land areas. 
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A detailed land use study of a large scale irrigated area in Malaysia (Wong, 
1977) reveals a per-capita non-agricultural land requirement of 0.05 hectare under 


such land use conditions. 


In the USA, per-capita non-agricultural land needs range from 0.25 hectare in the 
New England area to 0.03 hectare in the area served by New York City (Spaulding and 
O'Heady, 31977). 


Work by the Holcomb Research Institute (Hyde et al., 1980) during the course 
of the project, analysed (from Landsat MSS data) the extent of potentially cultivable 
land currently occupied by habitation in seven test sites (each of 3 422 thousand hectare) 
in Africa. Interpretation of the results, revealed a per-capita land requirement: 
varying from 0.001 hectare per person in humid areas of Nigeria/Cameroon to 0.024 
hectare per person in sub-humid areas of Kenya with high population densities. 


More recent work (FAO/UNDP, 1981), in Bangladesh, studied changes in settlement 
and related non-agricultural land use over seven sites totalling 146 000 hectares. 
Results of the study showed remarkable little expansion (7.7 percent) of settlements 
and related non-agricultural land use between 1952 and 1974, despite a population 
increase of 58 percent. The study concluded that the additional population had been 
absorbed almost entirely within existing settlement areas but that these were now 
fully occupied and any further increase in population must be housed by settlement 
expansion onto agricultural land. 


The study determined that, in the 1950's the range in per-capita non-agricultural 
land requirements was 0.014 to 0.054 hectare, an average of 0.027 hectare. In 1974 
the average was 0.018 hectare. 


In view of the considerable diversity in the per-capita requirement figures 
from these studies, recourse has been made, in the study, to the limited national 
statistical returns on extents of non-agricultural land per country. 


Returns from 41 countries have been compiled by FAO (Zarqa, 1981) and reveal 
an average per-capita figure of 0.056 hectare as the extent of "built on' area over 
these countries as a whole. Individual country figures vary from an exceptional low 
of 0.044 hectare in Uganda to highs of 0.080 hectare in Columbia and 0.078 hectare 
in New Zealand. Little increase in ‘built on' area is reported between the years 
LID stor 193807 


Consideration of the above information indicates that there is, at present, 
insufficient data to allow application of land resource specific per-capita ‘'non- 
agricultural land requirement’ estimates. Accordingly, a figure of 0.05 
hectare per person has been used in the study. This value accords to: the average 
of country returns on ‘built on' areas, the 'medium' USA figure of Spaulding and 
O'Heady, and the derived estimates of Wong. 


Application of this value to regional land areas and populations, provides the 
following estimates (overleaf) of extents of non-agricultural land requirements, per 
region, for the years 1975 and 2009. 


In the analysis of potential population supporting capacities, the non- 
agricultural land requirement value of 0.05 hectare per person, is multiplied by 
the base year 1975 (and year 2000) country population data. The results are computed 
as a percentage of total country land area, and the equivalent extents of land are 
then deducted from all entries in the land inventory before analyses of crop 
production potentials are initiated. 
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ESTIMATES OF NON-AGRICULTURAL LAND REQUIREMENTS 


Mi aL a Laer 
SOUTHWEST SOUTH CENTRAL SOUTHEAST 
peers rates ASTA AMERICA AMERICA ASTA ee 


Total area 
G0" sha) 


1975 
POPULATION 
(10° person) 


2000 1/ 


POPULATION — 
(10° person) 


Non-agric. 
land 

requirements 

(10° ha) 


Percent 
of 

Regional 
Area 


1/ 


UN Medium Term Variant 


Rest (Fallow) Period Requirements 


In their natural state, many soils cannot be continuously cultivated with 
annual food crops without undergoing some degradation. Such degradation is marked 
by a decrease in crop yields and a deterioration in soil structure, nutrient status 
and other physical, chemical and biological attributes. 


Under traditional farming systems, this deterioration is kept in check by 
alternating some years of cultivation with periods of rest (fallow) when the land 
is allowed to revert back to ‘natural vegetation’. This practice of bush fallow 
rotation or shifting cultivation restores the nutrient status, improves soil physical 
and chemical conditions, controls weeds, pests and diseases, reduces erosion and, 
in arid areas, augments soil moisture status (Young and Wright, 1980). The extent 
of the necessary rest period is dependent on the level of inputs, soil and climatic 
conditions and crops. 


Accordingly, account must be taken of the duration of the rest period in 
computing land productivity and potential population supporting capacities. Some 
examples of rest period requirements of major soils under various climates, 
according to different levels of inputs circumstances, as determined by Young and 
Wright (1980) and used in the study, are presented overleaf. 


The importance of the rest period requirement, in determining potential 
population supporting capacities, is evident. With low level of inputs in the humid 
tropics, cultivation of Arenosols land is only possible one year out of ten if pro- 
ductivity is to be maintained and land degradation avoided. In contrast, Gleysols 
land may be cultivated 6 years out of 10 with the same level of inputs and climatic 
circumstances. 


Deans 


REST PERIOD REQUIREMENTS (CULTIVATION FACTORS) Ay FOR SOME 
MAJOR SOILS IN THE TROPICS ACCORDING TO LEVEL OF INPUTS 


Low Inputs Intermediate Inputs High Inputs 


Humid, ,Semi-arid, Humid Semi-arid Humid Semi-arid 


Ferralsols 
Acrisols 
Luvisols 
Cambisols 
Nitosols 
Vertisols 


Gleysols 


1/ ‘The cultivation factor is the number of years in which it is possible 
to cultivate the land, as a percentage of the total cultivation and 
non-cultivation cycle. 


2/ Humid - more than 269 days of growing period. 


3/ Semi-arid - less than 120 days of growing period. 


Irrigated Land Requirements and Production 


Production from irrigated areas is an important component of national agricul- 


tural production, particularly in arid and semi-arid areas. Accordingly both the 
extent of land under current and projected irrigation and the production therefrom, 
need to be taken into account in assessment of potential population supporting 
capacities. 


Data on base year and projected crop specific irrigation production and 
extents of base year and projected irrigated land, by countries, are recorded in 
FAO (1981). 


This data has been used in the present study to take the necessary account 
of: a) land required for irrigation and b) irrigation production. 


The location of such lands, in relation to the compiled land resource 
inventory, was mainly effected by satellite image interpretation and national 
irrigation source material. Where such data were insufficient to identify the 
location of all recorded irrigated land, the unlocated balance was allocated to 
the resource inventory by means of a sub-model (Wood, 1980) matching land resource 
attributes with crop specific irrigation requirements. This identified areas where 
the unlocated balance of irrigated land was most likely to occur. The model also 
provided the basis for allocation of envisaged expansion in irrigated areas and 
production by year 2000. In quantifying irrigated production (base year and year 
2000), produce from non-food crops was converted to grain equivalents by crop 
substitution. 


In the overall model, extents of irrigated land (for the two time-frames) 
are deducted from appropriate identified entries of the land resource inventory. 
Corresponding irrigated food production is allocated to the same entries, for later 
incorporation to allow quantification of total potential rainfed, and irrigated, 
production (Section 2.5.3). 
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Rainfed Production Potentials 


The physical production potential of any land area, under a given set of input 
circumstances, is determined by soil and climatic conditions and by the crop(s) grown. 
The four main components used in the study to quantify rainfed agricultural production 
potentials are: agro-climatic suitability, soil suitability, degradation, seed 
requirements and wastage losses. Accordingly, the assessment of physical production 
potentials quantifies the influence and contribution from each of these components, 
as described below. 


Agro-climatic Suitability 


For every crop that can be grown in an area, there is an optimum agro-climatic 
yield potential dictated by climatic conditions. In areas where multiple cropping 
(sequentialand intercropping) is possible, total productivity potential, as opposed 
to single crop yields, must be assessed. Some of the agro-climatic yield and 
production potentials determined (Kassam 1979b) for main crops in selected major 
climates and lengths of growing period zones, taking into account multiple cropping, 
are shown below. 


EXAMPLES OF RAINFED CROP YIELDS AND PRODUCTIVITY UNDER VARIOUS 
CLIMATIC CONDITIONS (TONNES PER HECTARE DRY WEIGHT) - LOW INPUT LEVEL 


Major Climate CROP 
and Length of 
Gr Owaneerer tod Pearl millet Wheat Cassava White potato 
Zone (days) 
Warm Tropics 
75-89 O53) (a) NS Osi) @.j9) NS 
150-179 On Sm Cle) NS ORO MG) NS 
270-299 Oo (a>) NS a8) (350) NS 
365 Oat (Os) NS eon (225) NS 
Cool Tropics 
75-89 NS Ooi COM NS 0.3 (ses 
150-179 NS ho hes) NS bo} (Belly) 
270-299 NS Os2B sd NS O55 CoP) 
8655 NS On2 ad) NS Oo (ed) 
Cool Sub-tropics 
(winter rainfall) 
75-89 NS On Le COn NS NS 
150-179 NS 0.9 (1.0) NS NS 
270-299 NS 0.8 (0.9) NS NS 


Figures in parenthesis refer to productivity, including increments due to 
multiple cropping. 
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The table shows the variations in yield and productivity according to climatic 
conditions and crop. NS entries indicate that the crop is not suitable (for production) 
in the major climates considered, because the crop's temperature requirements are not 
fully met by the prevailing temperature regime. Agro-climatic constraints of pests, 
diseases, weeds, workability and rainfall variability have been considered in arriving 
at these potentials, as have increases in productivity from sequential and inter- 
cropping vis-a-vis production from sole cropping. 


The data shows crop yields and productivity for the low level of inputs 
circumstances. Productivity data for intermediate and high input levels are two-fold 
to four-fold greater. 
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Agro-climatic potential yield and productivity is dictated by climatic 
conditions. Soil conditions modify these agro-climatic potentials and determine 
attainable land productivity potentials. 


Soil conditions vary as widely as climatic conditions and can have a great 
influence on agro-climatic potentials. Many instances occur where major soil 
constraints completely override climatic potentials, turning what may be high 
climatic potential areas into non-productive land. Examples of such soil limitations 
are shallow depth, poor drainage and salinity. Some soil limitations (e.g. shallow 
depth) affect all crops, while others (e.g. poor drainage) are more crop specific. 
Examples of some of the crop-specific soil limitation ratings (for main soils), 
formulated (Sys and Riquier, 1980) and used in the study,are shown below. 


EXAMPLES OF CROP SPECIFIC SOIL LIMITATION RATINGS 


LIMITATION RATINGS FOR GROWTH OF: 


MAJOR SOIL Pearl Maize Wheat Cassava White 
millet potato 


Lithosols NS NS NS NS NS 
(shallow soils) | 
Ferralsols $2 g2 $2 $2 $2 : 
(leached acid soils) 

Yermosols NS NS NS NS NS 
(desert soils) 

Acrisols $2 S2 $2 $2 $2 
(lateritic soils) 

Arenosols $2 NS NS $2 $2 

(sandy soils) 

Luvisols Sl $1 S1 $1 $1 

(base saturated soils) 

Cambisols $1 Sil Sl $1 Si 


( weakly developed soils) 


Gleysols NS NS NS NS NS 
(hydromorphic soils) 


NS = Major limitations, making soil not suitable for production of the 
specified crop. 


S2 = Moderate limitations, markedly affecting the agro-climatic productivity 
potentials 


S1 = No or slight limitations,not affecting the agro-climatic productivity 
potentials. 
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Degradation 


In addition to the described effects of climatic and soil resources on 
productivity, these two factors (climate and soil) also greatly influence the rate 
of land degradation, particularly when the land is improperly used. Such degradation 
results in decreased productivity and these reductions (in productivity) must be 
taken into account in reliable assessments of sustainable production potentials at 
various levels of inputs. 


Land degradation refers to the partial or total loss of productivity 
resulting from processes such as soil erosion/soil loss by water or wind, salinization 
and alkalinization, waterlogging, depletion of plant nutrients/organic matter, 
deterioration of soil structure, and pollution (FAO/UNEP/Unesco, 1979). 


In the present study, the effects of water and wind erosion are directly 
applied in assessing land potentials. This has been achieved by developing and 
applying a methodology for estimating, level of input specific, rates of soil loss 
under the specific climatic, soil and land use circumstances used in the assessment. 
These rates are then interpreted in terms of anticipated productivity decreases 
(Arnoldus, 1980). 


The methodology used, for estimating rates of soil loss, is a parametric 
approach using climatic (rainfall and wind erosivity indices), soil, topographic, 
texture and vegetation/land use factors. Prior to the present study, regional 
assessments of soil loss were not possible because of the lack of a suitable 
climatic, soil, slope, texture and land use quantification on which to base the 
assessment. 


Subsequent to this achieved quantification however, there remained a wide 
gap in ways to translate calculated rates of soil loss into decreases in potential 
productivity (Marsh, 1980). Efforts to reduce this gap (Higgins and Kassam, 1981) 
are being worked on by the Food and Agriculture Organization of the United Nations 
and the International Institute for Applied Systems Analysis and results are to be 
published early in 1983. In the interim, however, the following relationships have 
been employed in the present study. 


RELATIONSHIPS BETWEEN SOIL LOSS AND DECREASES IN PRODUCTIVITY 


Rate of Soil Loss 
(tonnes per ha per annum) 


Anticipated Long-Term Productivity Losses 


less than 12 No change in land productivity 


ey ey 50 percent of the area of very productive land 
downgrades to productive land; the remainder 
remains unchanged 


ile OO 100 percent of all productive land downgrades 
by one productivity class 


IGil = 2s 50 percent of the area of all productive land 
downgrades to not suitable (non-productive 
land); the remainder downgrades by one pro- 
ductivity class 


more than 201 All extents of productive land downgrades to 
not suitable (non-productive land) 


In the present study, the appropriate decreases in productivity (corresponding 
to the computed rates of soil loss) are applied after other factors governing 
productivity are taken into account (Fig. 1.1). The decreases are applied to all 
land found to be at least marginally productive. 


Because rates of soil loss are directly related to level of inputs 
circumstances (page 10) i.e. 


a. low level of inputs - no conservation measures 
(fulierater of sole loss) 


Ds intermediate level of inputs - some conservation 
measures (50 percent rate of soil loss) 


on high level of inputs - complete conservation 
measures (acceptable soil loss) 


the corresponding decreases in productivity also vary by level of input 
circumstances. 


Accordingly, quantification of the effects of unchecked (full rate of soil 
loss) soil erosion on long-term productivity is only possible using the low level 
of inputs' circumstance results. '‘'Holding' the same set of crops in 'with' and 
‘without' degradation runs of the model (with low level of inputs) provides the 
following regional quantifications of the effect of unchecked soil erosion on 
productivity. 


EFFECTS OF UNCHECKED SOIL EROSION ON PRODUCTIVITY 


SOUTHWEST SOUTH CENTRAL SOUTHEAST 


ASTA AMERICA AMERICA ASIA iota! 


AFRICA 


Decrease in 

area of rain- 

fed cropland 

(percent) N}.55) 20.0 9.7 29.7 Boo Wied, 


Decrease in 

rainfed crop 

productivity 

(percent) 29.4 Sys) 2210 44.5 38.6 28.9 


Decrease in 
total land 


productivity 
(percent ) 24.9 4.9 20.6 24.6 12.4 18.5 


The results are striking. Over the five regions as a whole, the area of 
potential rainfed cropland reduces by 17.7 percent if soil erosion is allowed to 
remain unchecked. Even more striking is the estimate that sustainable potential 
rainfed crop productivity reduces by 28.9 percent if erosion is allowed to continue 
at its full rate. The larger decrease in rainfed productivity reflects the 
degradation of very productive land to productive or marginally productive land, 
while still remaining in the category of rainfed cropland. Additionally, land which 
degrades into not-suitable cropland, continues to have a productive potential 
through grassland/livestock production. 
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The overall loss in productivity, resulting from unchecked soil erosion in 
the five regions, is estimated at 18.5 percent. The situation is particularly 
severe in the largely rainfed dependent regions of ica (24.9 percent) and South 
America (20.6 percent). 


Refinements to these assessments are to be the subject of a separate report. 
Allowances for Seed Requirements and Wastage Losses 


Potential productivity estimates refer to the amount of production the land 
can be expected to produce under specified management and use assumptions. Not all 
this produce however is available for human consumption. 


Certain quantities are required for seed and planting material for future 
cultivation. Crop specific allowance for seed and planting material requirements is 
included in the assessment (FAO, 1978-80). 


Additionally, harvest and post-harvest losses need to be taken into account. 
Country and crop specific data on these losses are not yet available and in the 
present study, an overall 10 percent wastage has been assumed. 


Application of the above described four components of productivity provides 
estimates of the potential production of crops according to the various soil and 
climatic conditions of the land inventory created by the study. 


Estimation of Potential Population Supporting Capacities 


The previously described rainfed crop production potentials, together with 
the production from irrigation, provide the basis for the estimation of potential 
population supporting capacities of the inventorized zones. This crop production 
1s converted into calorie and protein equivalents using the international calorie 
and protein composition factors of crops (FAO, 1978-80). The production in terms of 
calorie equivalent facilitates the aggregation of different crops as well as 
providing a means of estimating the potential population that can be supported. 


Crop Choice 


A number of alternative crops are feasible for production in each of the agro- 
ecological cells of the compiled land inventory. The next stage of the methodology 
is therefore to choose a particular crop for each of the cells. This 'choice’ is 
formulated as a linear programming model maximising calorie production (Shah and 
Fischer, 1980) with constraints at the length of growing period zone level, as 
follows: 


ASSESSMENT CONSTRAINT 
Low level of inputs - Presently grown mixture of crops 
Intermediate level of inputs - Presently grown mixture of crops/ 


minimum protein availability 


High level of inputs - Minimum protein availability. 


tag 


a 
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The results from each cell, in each length of growing period zone, are 
totalled to arrive at the maximum calorie (and associated protein) production 
from each zone. 


The above constraints are applied to obtain an ‘acceptable' crop-mix at the 
length of growing period zone level. The presently grown mixture of crops constraint 
allows for continuation of current cropping patterns in the zones. The minimum 
protein availability constraint ensures that the chosen crop-mix meets minimum 
protein requirements. These minimum protein requirements are expressed in terms of 
calorie-protein ratios which are based on country specific FAO/WHO per-capita 
calorie-protein requirements. The calorie-protein contribution from irrigated 
production is taken into account, as appropriate, in choosing the acceptable crop- 
mixes. 


For the low level of inputs assessments, the pattern of presently grown 
mixture of crops is rigidly maintained as a constraint on all potentially cultivable 
land, even although the crops presently grown may be inferior in terms of calorie- 
protein productivity. 


At the intermediate level, the pattern of presently grown mixture of crops is 
applied to only half the potentially cultivable area and the balance of cultivable 
land is allocated to crops providing the highest calorie production with minimum 
protein constraint. 


For the high level of inputs assessments, all cultivated land is allocated to 
crops providing the highest calorie production with minimum protein constraint, 
immaterial of the presently grown mixture of crops. This high level of inputs 
assessment thus includes the positive effects of optimal crop-mix, while ignoring 
effective crop preferences. An instant change in crop pattern (i.e. new crops 
instead of presently grown crops), to obtain maximum calorie-protein production, is 
not considered a realistic short-term possibility. 


Presently Grown Mixture of Crops 


The presently grown mixture of crops, reflecting local preferences, is 
expressed in terms of percentage of areas occupied by each of the crops considered 
by the study. This information was obtained for each length of growing period zone, 
within countries, from sub-national administrative crop area data. Such data 
include both rainfed and irrigated production. 


Table 2.3 summarizes these results by major climate, lengths of growing 
periods and regions. The relative importance of particular crops in each length 
of growing periods is differentiated by classifying crops comprising: more than 
50 percent, 25 to 50 percent, 10 to 25 percent and 5 to 10 percent of the extent 
of the growing period zone occupied by the crops of the study. 


The distribution of food crops. within lengths of growing period zones and 
major climates is, in general, consistent with ecological requirements for cultivation. 
This applies to all regions of the study. Apparent anomalous crop entries, in 
certain growing periods (e.g. O days dry), is accounted for by irrigated production. 


In the longer lengths of growing period zones (more than 270 days), of the 
warm tropics and sub-tropics, the dominant crops are: Africa - cassava, South 
America and Central America - maize and Southeast Asia - rice. Maize is dominant 
in the sub-humid areas of Africa, South America and Central America, whereas rice 
is the dominant crop in these climates in Southeast Asia. In arid areas, the 
situation is confounded by irrigated production but, in general, sorghum is important 
in all regions except for South America and Central America where maize and wheat 
dominate. 


ae 


In the moderately cool and cool tropics, the important crops are: Africa - 
maize, beans and wheat, Southwest Asia - sorghum, wheat and millet, South America - 
maize, potato and barley, Central America - maize, beans and sorghum, and South- 
east Asia - rice, maize and sorghum. 


In all regions with moderately cool and cool sub-tropics (summer rainfall) 
wheat and maize are the most widespread crops. 


Production of wheat and potato in South America, and wheat and barley in 
Southwest Asia, is dominant in cool temperate climates. 


Among the cereals, the most widely grown are: Africa - maize, millet and 
sorghum, South America - maize and wheat, Central America - maize, Southeast Asia - 
rice and Southwest Asia - wheat. 


.5.3 Potential Population Supporting Capacities 
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The computed rainfed calorie production potentials, for each length of 
growing period zone, are combined with appropriate irrigated calorie production 
data (Section 2.3.3) and converted into potential population supporting capacities 
by application of country specific per-capita calorie requirements (FAO, 1977). 
These requirements are based on sex and age distribution of the population and on 
the scales recommended by an FAO/WHO expert committee (FAO, 1973). 


The contribution of irrigated production to the resultant total potential, 
by countries and for both time-frames, is shown in Table 2.4. A regional summary 
is presented below. 


contrrButronl/ OF IRRIGATED PRODUCTION TO TOTAL POTENTIAL 


POPULATION SUPPORTING CAPACITIES BY REGION 


SOUTHWEST CENTRAL SOUTH SOUTHEAST 
ASIA AMERICA AMERICA ASIA 


AFRICA 


1975 
LOW INPUTS 
INTER. INPUTS 
HIGH INPUTS 


2000 
LOW INPUTS 
INTER. INPUTS 


HIGH INPUTS 


a percent of total potential population supporting capacity 
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These results show that the contribution of irrigation to potential population 
supporting capacity is much more important in Southwest Asia, Southeast Asia and 
Central America compared to Africa and South America. The situation at the country 
level, as shown in Table 2.4, also shows very marked differences,e.g. Egypt - 100 
percent contribution from irrigation; Nigeria less than 5 percent (1975). 


The final step in the study is comparison of the computed potential population 
supporting capacities with data on present and projected populations. 


The United Nations' 1975 country estimates and the year 2000 projections (medium- 
variant) are the ‘present’ and ‘projected' populations used in this comparison. 
Sub-national administrative area data from national population censuses were used 


to derive population estimates by length of growing period zones within countries for 
19758 


The comparison of potential population supporting capacity with population for 
the year 1975 is undertaken at both the country and length of growing period zones 
levels. For the year 2000, the comparison is limited to the country level only. No 
attempt has been made to meee zonal comparison for the year 2000 due to the 
difficulty of quantifying future migration movements among zones and hence the 
projected population by zone. In fact, the potential food production and the 
corresponding potential population Satortins capacity in the various zones in 
each country is likely to be one of the important factors in determining these 
migration movements. 


3. FINDINGS 
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be FINDINGS 


The study assesses potential population supporting capacities of land, under 
three levels of inputs circumstances, and compares these estimates with data on 
present and projected populations. 


Population pressures are thus quantified and 'problem' areas delineated where 
land resources are insufficient to meet food needs. Such problem areas are 
designated as 'critical' areas and are defined in terms of their extent and the 
magnitude of their excess population. The analysis,at its finest level of detail, 
is undertaken at the level of individual-country length of growing period zones. 

Two time-frames are used in the study, namely the 'present' - as represented by 
base year 1975 data, and the 'future' - as represented by year 2000 projected data. 


The potential population supporting capacities are computed for the three 
alternative levels of inputs circumstances described in Section 2.1, namely: 


= low level of inputs, assuming only hand labour, no fertilizer 
and pesticide applications, no soil conservation measures and 
hence full productivity losses arising from land degradation, 
and cultivation of the presently grown mixture of crops on 
potentially cultivable rainfed lands; 


= intermediate level of inputs, assuming the use of improved hand 
tools and/or draught implements, some fertilizer and pesticide 
application, some simple soil conservation measures lessening 
productivity losses from land degradation, and cultivation of a 
combination of the presently grown mixture of crops and the most 
calorie-protein productive crops, on potentially cultivable 
rainfed lands; z 


= high level of inputs, assuming complete mechanization, full use of 
optimum genetic material, necessary farm chemicals and soil 
conservation measures, and cultivation of only the most calorie- 
protein productive crops on potentially cultivable rainfed lands. 


In all three alternatives, present/projected irrigated land areas are taken 
into account in computing the extents of potentially cultivable rainfed land. The 
assessed potential population supporting capacities include the calorie-protein 
production contribution from all present/projected irrigated areas. 


Choice of 1975 as the base year, representing the 'present' time-frame, was 
dictated by the need to employ population and present crop-mix data at a sub-national 
level. The most up-to-date data available was for the year 1975. 


The results are presented in the following sections, corresponding to four 
levels of aggregation, as illustrated in Figure 3.1 for Africa. 


First, (Section 3.1), regional results, of present and projected populations 
and potential population supporting capacities, are presented and compared. This 
simulates the present and future situations assuming unrestricted movement of surplus 
potential production within regions (i.e. each region operating as a single 
independent entity). 


Secondly, (Section 3.2), regional growing period zone and major climate 
results, of present populations and potential population supporting capacities, are 
analyzed and compared. This simulates the present situation with the assumption of 
unrestricted regional movement of surplus potential production within each growing 
period zone in each major climate (i.e. the constituent growing period zones of 
each major climate of each region operating independently of each other). 


Thirdly, (Section 3.3), individual-country growing period zone results, of 
present populations and potential population supporting capacities, are presented 
and compared. Critical individual-country growing period zones are identified, in 
terms of their location, extent and excess populations. This third presentation 
simulates the situation of no movement of surplus between individual-country 
growing period zones (i.e. each individual-country growing period zone operating 
independently). 


Fourthly, (Section 3.4), country results, of present and projected populations 
and potential population supporting capacities, are presented, analyzed, and compared. 
This fourth section simulates the present and projected situations with unrestricted 
movement of surplus within individual countries (i.e. each country operating as a 
single independent entity). Critical countries are thus identified, i.e. countries 
with insufficient land resources to meet their present and/or future food demands. 


Regional Results 


Regional results, of present and projected population densities and potential 
population supporting capacities, for the present (year 1975) and future (year 2000) 
time-frames, are presented in Table 3.1. The results are illustrated in the first 
(Figure 3.2) of the colour figures, which compare present and projected population 
densities (in red) and potential population supporting capacities (in green) under 
the circumstance of each of the three levels of inputs used in the study. For the 
purpose of page size presentation, a scale break (between 0.5 and 1.0) in the 
population density axis is employed in this and subsequent colour figures. 


Present and Projected Population Densities 


The data (Table 3.1 and Figure 3.2) show that present population densities 
vary from a low of 0.12 person per hectare in South America to a high of 1.25 person 
per hectare in Southeast Asia with an average (for the five regions) of 0.30 person 
per hectare. Year 2000 population densities are projected to be approximately 
double the 1975 densities, varying from a low of 0.22 person per hectare in South 
America to a high of 2.16 person per hectare in Southeast Asia, with an average of 
0.55 person per hectare for the five regions. 


Present and Projected Potential Population Supporting Capacities 


Regional potential population supporting capacities (density-person per 
hectare) are generally well in excess of present and projected population densities. 
For the five regions in total, year 1975, potentials are 0.61, 2.11 and 5.05 person 
per hectare with low, intermediate and high levels of inputs respectively. The 
corresponding potentials, for year 2000 are 0.86, 2.30 and 5.11 person per hectare. 
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Variations in the individual regional values are wide, reflecting the 
differences in land resource endowment. With low level of inputs, the 1975 regional 
potentials range from a low of 0.16 person per hectare in Southwest Asia, to a high 
OF e139 ‘person per hectare in Southeast Asia; a more than eight-fold regional 
difference. The intermediate level of inputs potentials are 1.5 to 4.1 times greater 
than those at the low level, being respectively 0.25 (Southwest Asia), 1.53 (Africa), 
1.65 (Central America), 2.92 (South America) and 3.76 (Southeast Asia) person per 
hectare. High level of inputs potentials, for the same time-frame, are 2.5 to 9.7 
times greater than those at the low level, with South America showing the greatest 
increase (9.7 times greater). 


Differences between the year 1975 and year 2000 potentials, reflect the net 
effect of the 'positive' influence of planned increases in irrigation production 
and the 'negative' influence of the additional non-agricultural land required for 
projected increases in populations. Accordingly, the largest increases in potential 
are found in those regions with greatest planned increases in irrigation production, 
namely Southeast Asia (2.0 times greater) and Southwest Asia (1.7 times greater). 


The increase in potential, between the two time-frames, is least in those 
regions where planned increases in irrigation production are relatively small, 
namely Africa and South America (only 1.1 times greater). 


Comparison of Present (and Projected) Populations with Present (and Projected) 
Potential Population Supporting Capacities 


Comparisons of the regional present and projected population data, with the 
present and projected potential population supporting capacity assessments, reveal 
the extent to which land resources can/cannot meet the food needs of present and 
projected populations, on a regional basis. 
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In this section, these comparisons are effected in terms of: 
- year 1975 potential: present population ratios, 
- year 2000 potential: projected population ratios, 


- year 1975 critical areas (19/5) populations in excess 
of 1975 potentials), 


- year 2000 critical areas (2000 populations in excess 
of 2000 potentials). 


Regional ratios for the years 1975 and 2000, at the three levels of inputs 
circumstances, are presented overleaf. 


These data show that the land of the five Regions together could, even with 
low level of inputs, meet the food needs of 2.0 times the year 1975 population 
and 1.6 times the food needs of the projected year 2000 population. 


The individual regional values show that the lands of each region (with one 
exception) could more than meet the food needs of their year 2000 populations, even 
withelow Level=or inputs; @i.e. South Americal’) 355 >times, Africa’ — 1.6 times, 
Central America - 1.4 times and Southeast Asia - 1.1 times. 
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REGIONAL POPULATION RATIOS 


YEAR 1975 POTENTIAL : PRESENT POPULATION RATIOS 


SOUTHWEST SOUTH CENTRAL SOUTHEAST 
LEVEL OF INPUTS AFRICA ASTA AMERICA AMERICA ASIA AVERAGE 


Low 
Intermediate 


High 


YEAR 2000 POTENTIAL : PROJECTED POPULATION RATIOS 


Low 
Intermediate 


High 


The exception, to these potentially regional self-sufficient food situations, 
is Southwest Asia where the ratios for the year 2000 are 0.7, 0.9 and 1.2 at the 
low, intermediate and high levels of inputs respectively, i.e. this region (as a 
whole) will need to apply more than intermediate level of inputs, to all its 
cultivable land, if it is to attain food self-sufficiency for its year 2000 
population. 


The populations (million person), exceeding the potential population supporting 
capacities 1/, in this critical region of 677.4 million hectare, are as follows: 


LEVEL OF INPUTS YEAR 1975 YEAR 2000 
Low 29.0 84.7 
Intermediate not critical 2568 

High NOteCLiCtcal noticritical 


The 1975 population of the region is 136.3 million and the projected population 
for the year 2000 is 264.7 million. 


It must be emphasized that the results, presented in this section, are based 
on the assumptions of: 


- allocation of all cultivable rainfed land to food crops, 
- attainment (by the year 2000) of all planned increases in 
irrigated area and allocation of all irrigated lands to 


food crops, 


- unrestricted movement of potential surplus production within regions. 


1/ Calculations effected from original data at three decimal places. 
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Within these described regional situations, there are considerable extents 
of land which cannot meet the food needs of their populations. The locations and 
extents of these areas, and the populations involved, are assessed in the following 
sections. 


Regional Growing Period Zone and Major Climate Results 


In the foregoing section, all individual-country length of growing period 
zone results were aggregated in entirety to depict regional situations, l.e. 
each region operating as a single independent entity. 


In the present section (3.2), the results are aggregated by the lengths of 
growing period zones and major climates occurring in each region, i.e. each growing 
period zone in a region is considered as a single and independent entity. The 
results are presented by regions, major climates and lengths of growing period 
zones in Table 3.2 and illustrated (for five main climates in each region) in 
Figure 3.3 (Africa), 3.4 (Southwest Asia), 3.5 (South America), 3.6 (Central 
America) and 3.7 (Southeast Asia). These results are presented to show the effects 
of the ecological environment on present and potential population densities. 


Present Population Densities 


The data (Table 3.2 and Figures 3.3 to 3./) show that considerable variation 
exists, in present population densities, between major climates and between lengths 
of growing period zones. 


For the five regions together, the average present population densities 
of major climates range from 0.55 person per hectare in the warm sub-tropics with 
summer rainfall, to 0.04 person per hectare in cool temperate areas. 


These variations between major climates do however differ considerably 
between regions, as shown by the overleaf data extracted from Table 3.2. 


In Africa, Southwest Asia, South America and Central America, the highest 
average densities occur in the cooler major climates, for example in Africa: 


- warm tropics - 0.13 person per hectare; 
= moderately cool tropics - 0.34 person per hectare; 
- cool tropics — 0.35 person per hectare. 


In the highly populated Southeast Asia region, however, this trend is reversed 
and the highest population densities are found in the warmer major climates, 
illustrated below: 

- warm tropics — 1.21 person per hectare; 

- moderately cool tropics — 0.99 person per hectare; 


- cool tropics = |.00) person per hectare” 
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PRESENT (YEAR 1975) POPULATION DENSITIES BY MAJOR CLIMATES AND REGIONS 
(person per hectare) 


MAJOR 
AFRICA SOUTHWEST SOUTH CENTRAL SOUTHEAST 

ERAGE 
CL ASIA AMERICA AMERICA ASIA a S 
TROPICS 
Warm OQails 0.06 0.10 0.49 ial Onot 
Moderately cool 0.34 OnZl 0.27 On53 OngS 0.40 
Cool Ons 5 Ons OnuG 6.50 1.00 Ona 6 
Cold 17 0.42 - Ong 5.92 Oo@s Orsi 
SUB-TROPICS (SUMMER RAINFALL) 
Warm OFOL - 0.06 Oneal! he Oy OF55 
Moderately cool Ori2 - Ons 0.14 0.64 On2zo 
Cool Ons - 0.26 - 0.64 Oneg 
Cold 1/ 0.42 ~ 0.04 - Onze O.17 
SUB-TROPICS (WINTER RAINFALL) 
Cool ORT @.2il 0.14 OsiLE Only Oly 
Coldel/ 0.49 OnsZ 0.28 ~ OnZ2 ©.34 
TEMPERATE 
Cool - 0.48 ©-Oil - - 0.04 
CoLdel7, - @,28 OnOL - - Ong 
Average Onl 0.20 OI Onss 125 0230 


af Relatively small extents of land. 


Present population densities also vary widely within major climates according to 
lengths of growing period zones, as shown by the following averages extracted from Table 3.2. 


PRESENT (YEAR 1975) POPULATION DENSITIES BY LENGTH OF GROWING PERIOD 
(LGP) ZONES AND REGIONS 
(person per hectare) 


LGP ZONE AFRICA SOUTHWEST SOUTH CENTRAL SOUTHEAST AVERAGE 
(days) ASIA AMERICA AMERICA ASIA 

365 EEN 0.08 a 0.04 i 0.19 0.10 

(humid) 

365. oN repel = ayek a 0.28 0.57 0.18 
S300 esc 4iN 0.20 ade 0.15 0.41 29 O32 
Vere ue ic ba O27 1.00 alps) 0.41 14 6126 
270 - 299 N On23 0.63 112 0.39 Fp) 0.41 
240 - 269 N O22 0.78 OnlG 0.45 1975 0.50 
210 =" 2398N 0.24 0.93 0.14 Once 1.49 0.54 
180. - 209 N 0.19 1.05 Olbs 0.82 ee) 0.54 
150 — 179 N Oris 0.60 Onl 0.55 TaG7 0.64 
120 - 149 N 0.24 0.40 0.29 0.43 1.92 0.70 

90 - 119 N 0.20 0.41 0.51 6.37 1.82 163 

rie eh WN 0.15 0.48 0.19 Or26 1.90 0.40 

1 74 0.07 oT 0.10 0.13 0.84 Orie 

O (dry) 0.05 0.05 0.10 0.08 0.69 0.07 
Average On13 0.20 oa) 0.39 1.25 OacOm 


(all zones) 


ra Ee 


For the five regions in total, the highest present population densities occur 
in the 90-269 days group of growing period zones and the lowest in the 0-89 days 
group of growing period zones, e.g. 90-269 days: 0.50 to 0.70 person per hectare; 
0-89 days: 0.07 to 0.40 person per hectare. Long lengths of growing periods, i.e. 
more than 269 days have intermediate density values, i.e. 0.18 to 0.41 person per 
hectare. 


Specific regional exceptions to this general situation are however apparent 
from the data. 


In Africa, the longer lengths of growing period zones (270 to 364 days) have 
generally higher average densities than the middle group of zones (90-269 days). 


In Southeast Asia, the higher densities extend into the shorter lengths of 
growing period zones (0-89 days) because of the considerable extents of irrigated 
lands in these zones in this region. The same trend is discernible in the South- 
west Asia region. 


In general, however, it appears that the middle range of growing period zones 
(90-269 days) are preferred and without exception, the most humid zone (365 + days) 
is the least favoured of the longer lengths of growing period zones. Additionally 
the O (dry) zone is generally the least preferred of the shorter lengths of growing 
period zone group. 


Potential Population Supporting Capacities 


In contrast, potential population supporting capacities are, overall, highest 
in warm major climates (cf. lowest present population densities), and in the longer 
lengths of growing period zones (cf. intermediate present population densities). 


The data, in Table 3.2 and Figures 3.3 to 3.7 show the aggregated potential 
population supporting capacities of lengths of growing period zones, by major 
climates in the five regions of the Developing World. These potentials well reflect 
differences in land resource endowment, between and within regions. 


For the five regions in total, the highest potential population supporting 
capacities occur in the warmer major climates of the tropics, the sub-tropics, and 
the temperate regions, at all three levels of inputs circumstance. The results, for 
low level of inputs, are illustrated by the overleaf data extracted from Table 3.2. 


These data show the following average potentials for the five regions in 
total: tropics: warm - 0.75; moderately cool - 0.16; cool - 0.12; and cold - 0.05 
person per hectare respectively. This situation (high potentials in warm climates) 
is reflected by the results of most major climates in all regions. Marked exceptions 
occur in the tropics of Southwest Asia and the sub-tropics (summer rainfall) of 
Africa, where very large extents of land with severe moisture limitations (dry and 
short lengths of growing period zones) mask the thermal potentials of major climates. 
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LOW LEVEL OF INPUTS POTENTIAL (YEAR 1975) POPULATION SUPPORTING 


CAPACITIES BY MAJOR CLIMATES AND REGIONS 
(density - person per hectare) 


MAJOR AFRICA SOUTHWEST SOUTH CENTRAL 
CLIMATE ASIA AMERICA AMERICA 


TROPICS 


Warm © sul 
Moderately cool Oy 
Cool On 
Cold i/ O205 


SUB-TROPICS (SUMMER RAINFALL) 


Warm Oil 
Moderately cool 0.06 

Cool O#O5 
Cold=1/ 0.05 
SUB-TROPICS (WINTER RAINFALL) 
Cool On 

Cold 1/ OOS 
TEMPERATE 


Cool 
Cold au 


Average 


1/ Relatively small extents of land. 
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Equally large variations in population potentials also occur between lengths of 
growing period zones, as illustrated by the following data extracted from Table 3.2 


LOW LEVEL OF INPUTS POTENTIAL (YEAR 1975) POPULATION SUPPORTING CAPACITIES 
BY LENGTH OF GROWING PERIOD (LGP) ZONES AND REGIONS 


(density - person per hectare) 


LGP Zone ern SOUTHWEST SOUTH CENTRAL 
(days) ASIA AMERICA AMERICA 


89 
74 
(dry 
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The data show that, in the five regions in total, highest potential 
population supporting capacities occur in the longer length of growing period zones, 
i.e. more than 269 days, where potential densities (at the low level of inputs 
circumstances) are in the range of 0.82-1.58 person per hectare. The middle group 
of growing period zones, i.e. 90-269 days have intermediate density values (0.50-0.93 
person per hectare) while the shorter lengths of growing period group show the 
lowest potentials (i.e. 0.12-0.31 person per hectare). This pattern is particularly 
marked in those regions containing relatively small extents of irrigated lands, i.e. 
Africa, South America, and Central America. The high potentials in the shorter 
lengths of growing period zones in Southeast Asia reflect the large extents of 
irrigated land in those zones in that region. 


Comparison of Present Populations with Present Potential Population Supporting 
Capacities 


In the present section, the individual-country length of growing period zone 
results are aggregated by the lengths of growing period zones (and also by the 
major climates) occurring in each region. Findings thus assume unrestricted movement 
of surplus production potentials within the total extents of the growing period 
zones (and major climates) of each region. Implementation of such movement of 
potential surplus production is obviously not a practical possibility within extensive 
zones that cross many national boundaries and extend over several thousands of 


kilometres (Figure 3.1). 


The present comparison therefore highlights regional level environmental 
effects and identifies growing period zones (and major climates) which are, in 
aggregate, critical. 


The distribution of critical zones, within regions, in general reflects the 
previously described trends in present population and potential population supporting 
Capacity distribution namely: 


- aggregated over all lengths of growing periods, the moderately 
cool and cool major climates exhibit high present population 
densities but relatively low potential population supporting 
capacities; 


~ aggregated over all major climates, the middle range of growing 
periods (90-269 days) exhibit high present population densities, 
but are intermediate in potential between the long lengths with 
highest potentials and the short lengths with lowest potentials. 


In accord with this situation, critical zones occur most frequently in the 
moderately cool and cool major climates and in the shorter and middle ranges of 
lengths of growing periods. 


Table 3.2 and Figures 3.3 to 3.7, reveal the interactive effects of major 
climates and length of growing period zones. In the table, all potentials that 
are less than present population densities are marked by an asterisk, indicating 
the critical nature of the zone. In all regions, the longer lengths of growing 
period zones (more than 270 days) in warm tropical and sub-tropical (summer rainfall) 
major climates, do not (in aggregate) contain critical zones even with low level of 
inputs. At this level of inputs, critical zones are however apparent in all regions 
in the shorter lengths of growing period zones (less than 90 days) and partly 
extend into the middle range of growing period zones in Southeast Asia and Africa. 
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Particularly noticeable is the fact that all zones in the Sahel region of Africa 
(less than 150 days length of growing period) are critical with low level of inputs. 
Except for the shortest lengths of growing period zones (less than 75 days), this 
critical situation, in the warm major climates, does not occur with the intermediate 
level of inputs circumstance. 


This overall situation, in the warm major climates, is in marked contrast 
to the more frequent occurrence of critical zones in the moderately cool and cool 
tropics and sub-tropics (summer rainfall). 


In all regions, except for Southwest Asia, the percentage of critical zones 
in moderately cool and cool major climates, is two to nearly ten times the percentage 
in warm major climates. 


Table 3.2 and Figures 3.3 to 3.7 show that,in the moderately cool and cool 
major climates, the critical zones are concentrated in the shorter lengths of 
growing period zones and that many, in this range, remain critical even with high 
level of inputs. However, considerable numbers of the longer lengths of growing 
period zones (in these major climates) are also critical, especially with low level 
of inputs, and in some cases with intermediate level of inputs. The situation is 
particularly critical in the cool and moderately cool tropics of Africa, Southeast 
Asia and South America where more than 80 percent of all growing period zones are 
critical at the low level of inputs circumstance. 


Over the major extent of the cool sub-tropics (winter rainfall), the majority 
of the regionally aggregated lengths of growing period zones in Africa, South America 
and Central America, are not critical. This also applies to the moderately cool/cool 
and transitional moderately cool sub-tropics in South America and Central America. 
The relatively small extents of cool sub-tropics (winter rainfall) in Southeast Asia 
are however dominantly critical even at the high level of inputs. 


Individual-Country Growing Period Zone Results 


The individual-country length of growing period zone results simulate the 
situation of each growing period zone, in each country, acting as a single and 
independent entity, i.e. no movement of surplus between country zones. While the 
practicability of this degree of independence may be debated, results of 
individual-country growing period zone potentials are necessary for planning sub- 
national food and population distribution. Accordingly, the individual-country 
length of growing period zone results, for year 1975, are presented. 


The very large number of individual-country length of growing period 
zones makes tabular presentation impractical. Hence the results, of potential 
population supporting capacities of each length of growing period zone in each 
country are presented, and compared with present population densities, in map form. 


The thematic information shown on the maps is of two kinds. The base colours 
show potential population supporting capacities (person per hectare) of each 
individual-country growing period zone, grouped by the following seven classes: 
less than 0.1; 0.1-0.5,»0.5=1.0, -1.0=2,0. 2.0=570785. 0510.0, 04and mores inane ie 
person per hectare. Extreme local variation of terrain of cold climates has 
necessitated the use of an estimated constant value for potential population 
supporting capacities in these areas on the maps. 
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Additionally, on the maps, growing period zones where the present (year 1975) 
population density is in excess of the potential (year 1975) population supporting 
Capacity are identified, indicating a critical zone where land resources are 
insufficient to meet food needs at the specified level of inputs. Three maps (one 
for each level of inputs circumstance) are presented for each region, i.e. 15 maps 
im total. 


Highlights of. these cartographic presentations are as follows. 


In terms of area, Afrtca has the greatest extent of critical zones, at the 
low level of inputs circumstances, - 1 355 million hectare, 47 percent of the total 
land area. Much of the high potential land in the centre of the continent is only 
sparsely populated. Across much of the Maghreb, both in the Atlas mountains and the 
more populated coastal areas, the 1975 population exceeds the low level of inputs 
long-term supporting capacity. At this level of inputs, virtually the whole of the 
"Sahel' area is critical between latitudes 20° north and 12° north, taking in also 
the northern, savannah areas of Ghana, Togo and Nigeria. The critical area is very 
much thinner across the Sudan with its large extents of irrigated land, but broadens 
again to encompass much of Ethiopia and Somalia. 


West Africa has individual zones of insufficient potential along the coast of 
Ghana, Togo and in a belt across some of the most populous areas of Nigeria. Many 
zones in East Africa are also critical. Much of Kenya is critical, as is a crescent 
extending along the great lakes from southeast Uganda, through Rwanda and Burundi, to 
Malawi, and a belt across the centre of Tanzania including the shorter lengths of 
growing period zones. In southern Africa critical dry zones, corresponding to the 
Sahel in the North, stretch the width of the continent from the coast of Angola, 
across northeast Namibia and the major part of Botswana, through southeast Zimbabwe 
to southern Mozambique and the southwest coast of Madagascar, with most of Lesotho 
ausorcritical. 


At intermediate level of inputs, the critical zones shrink to 36 percent of_ 
the land area. In the Maghreb, the Atlas mountains remain critical. Critical areas 
recede considerably from the Sahel, disappearing from Mali and Upper Volta, the north 
of Ghana and Togo, and the Sudan, and become much attenuated in the Ethiopian high- 
lands, but remain widespread in Mauritania, Niger, Chad and Somalia. In East Africa 
most of Kenya, Rwanda and Burundi remain critical, along with the same parts of 
Tanzania. The potential population supporting capacity now exceeds the 1975 popula~ 
tion for almost the whole of southern Africa, except for minor pockets, which 
make up a significant proportion of territory only for Lesotho. 


The high level of inputs circumstances potentials still leave 31 percent of 
the land area of Africa critical. Most of the zones in the Sahel become non-critical, 
except in Mauritania. Most of the Ethiopian highlands become able to support their 
1975 populations, as do most of the populous areas of Kenya, and even most of Rwanda 
and Burundi. The Atlas mountains, Somalia, the more arid zones of Kenya and the south- 
east coast of Madagascar, remain critical even at the high level of inputs. 


Southwest Asta is the most critical region. At low level of inputs, the land 
resources of 75 percent of the region are insufficient to feed 1975 populations. 
Non-critical areas are more easily highlighted than critical ones. Only Turkey has 
a large extent of non-critical land, over much of its interior and most of northeast 
Turkey. Other non-critical areas include parts of northern Afghanistan; in Iran, a 
narrow strip of low lying land along the Caspian Sea and a few inland pockets, and 
parts of the southwest of the country. 


In Syria and Iraq all zones are critical except the 0-75 day growing period 
zone (with large extents of irrigated land) and a few other isolated pockets. All 
zones in Lebanon and Jordan are critical as are the more populated zones in the 
south and west of the Arabian peninsula. 
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The intermediate level of inputs potentials reduce the critical area of 
critical zones only slightly, to 67 percent of the total. With this level of inputs, 
zones in the entire mediterranean coast of Turkey and the whole of northeast Turkey 
become non-critical, along with most zones in Syria and Iraq. Scattered zones in 
Iran and Afghanistan cease to be critical. There is little change in Jordan and 
Lebanon. 


High level of inputs potentials still leave 63 percent of the total land area 
of this region critical. All but a few interior zones become non-critical in Turkey, 
Syria and Iraq, but only a marginal difference is made to Iran and Afghanistan. 

Small non-critical zones emerge in Jordan and Lebanon, and much of southwest Arabia 
becomes non-critical. 


South America has the lowest percentage of critical zones, with low level of 
inputs the extent of critical zones is 213, million hectares, 12 percent yofythe 
continent's total land area. 


At this level of inputs circumstance, critical zones are concentrated in a 
few areas such as the drier Caribbean coasts of Colombia and Venezuela, most of the 
cool and cold climates of the Andes from Colombia to southern Chile, together with 
some coastal areas in Ecuador and Chile. 


The Guyanas and Suriname are virtually free of critical zones, as is the 
greatest extent of Brazil save for the drier areas of the northeast and a few cool 
zones in the southeast of the country. Paraguay has no critical zones, Uruguay only 
a thin coastal strip that includes the capital, Montevideo. In Argentina the eastern 
slopes of the Andes and the area south and west of Buenos Aires are critical. 


The circumstances of intermediate level of inputs reduce the area of critical 
zones, in the region, to 8 percent of the total area, with a general shrinking of 
critical zones in the Andes. At high level of inputs, most of these critical zones 
disappear, leaving significant critical areas in the Andes only in Colombia, Ecuador, 
Bolivia and Chile. Elsewhere critical zones virtually disappear except for the 
Caribbean coasts of Colombia and Venezuela and the drier areas of northeast Brazil. 
The total area of critical zones at high level of inputs reduces to 4 percent 
of the continent, while areas of very high potential density emerge throughout the 
warm tropics of the region. 


In Central Amertca 67 million hectare (25 percent) out of this region's total 
land area of 272 million hectare, are critical with low level of inputs. The great 
bulk of the critical zones are found in the cool climates of the highland spine of 
the mainland with the most populated areas of Mexico, Guatemala, Honduras, Costa 
Rica and the whole of El Salvador affected. Also critical are the Antilles, 
Trinidad and Tobago, Barbados and Haiti, along with most of Jamaica and Puerto Rico 
and significant segments of Cuba and some zones in the Dominican Republic. 


The intermediate level of inputs potentials reduce the extents of critical 
zones by some two-thirds, to 8 percent of the total area, though these still cover 
several densely populated zones in El Salvador, Honduras and Costa Rica. In the 
Caribbean most of zones in the Great Antilles become non-critical, except in Puerto 
Rico. In the Lesser Antilles, all zones in Barbados, Martinique and Antigua remain 
Critvcaie 


The high level of inputs circumstances reduce: critical zones to 2.1 million 
hectare, less than one percent of the regional total, leaving only a few small 
scattered zones of criticality. At this level of inputs there are many relatively 
underpopulated zones of high potential egpecially along the lowland coasts of Central 
America. 
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In the Southeast Asta region, the extent of critical zones with low level of 
inputs, is extensive. At this level of inputs 313 million hectare, just over a third 
of the region's total land area of 898 million hectare, are critical. In the western 
part of the region, the populous north of Pakistan (zones from the Punjab to the 
foot hills of the Hymalayas) are critical, along with the dryer lowland zones in the 
South. 


Throughout almost the whole of India, the 1975 populations exceed the potential 
population supporting capacities, at low input levels, with the exception of some 
zones in Rajastan, Gujarat, the Punjab and Haryana and the northeastern corner of 
Uttar Pradesh, along with parts of Darjeeling, Assam and Meghalaya. The whole of 
Bangladesh is also critical, excepting the zones in the district of Rajshahi and 
a small pocket in the northeastern corner of Sylhet. All the populous highland 
zones of Nepal and Bhutan are critical, as are the most densely populated zones of 
Sri Lanka, the Kandyan highlands, and the southern and northwestern coasts. 


The potentials with intermediate level of inputs reduce the extents of 
critical zones by four-fifths - to 62 million hectare. Again referring to the 
western part of the region, roughly the same zones remain critical in Pakistan, 

Nepal and Bhutan, with a few extra pockets becoming non-critical. There is, however, 
a very big effect in India, where virtually all previously critical zones become non- 
critical excepting only two small areas in the southern Deccan and stretches of the 
Himalayan foothills. 


Most of the zones in Bangladesh also become non-critical, except for a strip 
in the West. Most critical zones of Sri Lanka also cease to be so, save for a band 
encircling the central highlands, which contains the capital, Colombo. 


The high level of inputs circumstances alter only marginally the extents that 
are critical at intermediate level, reducing the area of critical zones to 45 million 
hectare over the region in total. 


In the eastern part of the region, the extent of critical zones is generally 
less widespread than in the western part. With low level of inputs, the greater 
parts of Burma, Thailand, Malaysia and Kampuchea and most of Lao, have few critical 
zones. However the three most populous countries do exhibit critical zones with low 
level of inputs. In Vietnam, zones of the densely populated deltas of the Mekong 
and the Red rivers, around Ho Chi Minh City and Hanoi, cannot support their present 
populations with low level of inputs. In Indonesia, while the islands of Sumatra 
and Kalimantan are virtually free of critical zones, almost the whole of Java, 
carrying two-thirds of Indonesia's population, is critical, along with Madura, 
Lombok and Timor and large areas of Sumbawa and Sumba. Most of the zones in the 
major islands of the Philippines are also at the limit of their potential population 
supporting capacity with the low level of inputs circumstances, especially zones in 
the most populated areas of Luzon. 


With intermediate level of inputs, critical zones are limited in extent in all 
but two countries. In the Philippines, scattered critical zones only remain. However, 
in Indonesia the potential population supporting capacity is still not equal to the 
1975 population in zones over almost the whole of Java. High level of inputs 
circumstances however, greatly improve the situation, leaving critical zones largely 
confined to the area south of Bandung. Large extents of zones with high potentials 
are apparent in Sumatra and parts of Kalimantan. 
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The total (summed) extents of all critical individual-country length of 
growing period zones, shown on the described regional maps, are presented in Table 
3.3. This table provides data, by region, major climate and level of inputs, on: 


- the location of critical zones, 


- the extent of critical zones, 


- the size of the total present (year 1975) population in 
the critical zone areas, 


- the size of the excess (year 1975) population in 
the critical zone areas, 


- the most seriously affected country. 


For comparison, the total extent of the length of growing period zone, in which 
the critical zone areas occur, is given together with the total (year 1975) population 
of the length of growing period zone and the total number of countries containing the 
zone. 


Regional summary extracts are presented below and are illustrated in Figure 3.8: 


EXTENTS AND POPULATIONS OF CRITICAL INDIVIDUAL—COUNTRY 
LENGTHS OF GROWING PERIOD (LGP) ZONES (YEAR 1975) 
(million hectare and million person) 
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SOUTHWEST SOUTH CENTRAL: SOUTHEAST 
SACS ASIA AMERICA AMERICA ASIA ee 

TOTAL EXTENT OF 

ALL LGP ZONES 2 878.1 677.4 iO s2 271.6 897.6 6 494.9 

EXTENTS OF CRITICAL 

LGP ZONE AREAS AT: 

Low Inputs 3 54e (4 Jen) 505.49) C4) P23 (lA s@)) Gos) (Ah at3) 31215 (458) 2 hae 

Inter. Inputs 10290) (35-7) 455.9 (67.2) 138.8 (7.8) DPM (hn ik) 6253 (Ong) 1702 

High Inputs 881.2 (30.6) 427.9 (63.2) 77.0 (4.3) 2 COS) 5) 3) (5) 0) 1.433% 

TOTAL POPULATION 

OF ALL LGP ZONES 380.2 WG, 3} 215.18 106.6 i eyed! T 956. 

TOTAL POPULATION OF 

CRITICAL LGP ZONE 

AREAS AT: 

Low Inputs 183.7 (48.3) Cissy (i2e8)) oath (AGG) 59 1) (557.4) 766.9 (68.6) 1 164. 

Inter. Inputs iid) (19153) Way (S8ic8)) 36.6 (17.0) 28.7 (26.9) Sets) (S57) 387. 

High Inputs Bee ssy (alley), (ikea CAS -f35)) 5 aLnGrO)) 9.2 (8.6) Sy CP) patel 3 

SIZE OF POPULATION 

EXCEEDING POTENTIAL 

SUPPORTING CAPACITY 

IN CRITICAL LGP 

AREAS AT: 

Low Inputs 104.8 65.8 3657 40.1 S158 DO3%. 
| Inter. Inputs Lh) 42.0 Dhol 14.3 56.0 176. 

High Inputs 26%5 2023 9.6 8.0 33 LOM. 


Figures in parenthesis are percentages of regional Totals. 
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Thése summary data show that, with low level of inputs, the extent of critical 
zone areas in the five regions in the Developing World is 2 453 million hectare. 
Africa accounts for 55.0 percent of the total and this is equivalent to 47.0 percent 
of the total land area of Africa. Reference is made to the fact that 46.7 percent of 
the continent of Africa is not climatically suited to rainfed crop production - page 14. 
With high level of inputs, the total extent of critical zone areas in the five regions 
is reduced to 1 434 million hectare, i.e. 22.1 percent of the total land area. The 
Critical zone areas of Africa account for 61.0) percent of the total) critical area in 
the five regions at the high level of inputs. 


The regional distribution of populations in the critical zone areas is in 
contrast to the critical land area distribution. At low level of inputs, 1 165 million 
person out of a total population (year 1975) of 1 957 million in the five regions, are 
assessed to be living on land resources which can meet the food needs of only 
602 million person, i.e. an excess population of 563 million. Southeast Asia and 
Africa respectively account for 56.0 percent and 19.0 percent of this population in 
critical zone areas. At high level of inputs, the total population of critical zone 
areas is reduced to 212 million and the excess population is 102 million. 


These individual-country length of growing period results highlight the limits 
of land resources to provide sufficient food for individual-country growing period 
zone populations. However, the occurrence of critical areas and corresponding excess 
populations should also be considered at the country level. 


Country Results 


The results presented in the previous section simulate the situation that 
would prevail if there were no movement of surplus between individual-country length 
of growing period zones. In reality such movement is an integral part of national 
food distribution systems. 


Accordingly, this section presents the results of aggregations, to the country 
level, of present (year 1975) and projected (year 2000) population densities, and of 
present and projected potential population supporting capacities, at the three level 
of inputs circumstances. These country results are presented in full, in Table 3.4 
and are illustrated in Figures 3.9 to 3.13, by regions. 


In the table, the countries, assessed in each region are listed on the left- 
hand side of the table and column 1 records the total area of each country. Columns 
2-6 of the table refer to the year 1975 situation and columns 7-11 refer to the year 
2000 situation. For each of these two time-frames, data on total populations and 
population densities, and potential population supporting capacities at low, inter- 
mediate and high levels of inputs, are presented. Situations where national potential 
population supporting capacities are less than present (or projected) populations 
are indicated by asterisks. The order of countries, in each region, is alphabetic. 


These results are presented, in a different form, in Table 3.5, which shows 
the ratios of present potential : present population (columns 4,5, and 6) and the 
ratios of projected potential : projected population (columns 9, 10 and 11). In 
this table, the order of countries in each region is in increasing order of year 
2000 ratios, at the low level of inputs. 
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This section thus identifies (3.4.3) countries, whose land resources are 
insufficient to meet present and/or future food needs. Such countries are designated 
as critical countries and the excess population involved, by the three levels of 
inputs circumstances, are quantified. 


Present and Projected Population Densities 


The data (Table 3.4, and the red columns of Figures 3.9 to 3.13) show that present 
(1975) population densities (person per hectare) in Africa (Fig. 3.9) vary from a 
low of <0.01 in Western Sahara to a high of 4.85 in Mauritius. In Southwest Asia 
(Fig. 3.10) the present population densities vary from a low of 0.03 in Saudi Arabia 
to a high of 4.27 in Bahrain. In South America (Fig. 3.11), they vary from a low of 
0.01 in French Guyana to a high of 0.24 in Ecuador. In Central America (Fig. 3712), 
they vary from a low of 0.06 in Belize to a high of 5.70 in Barbados. In Southeast 
Asia (Fig. 3.12), densities vary froma low of 0.14 in Lao to a high of 38°79 spereon 
per hectare in Singapore. 


The projected (year 2090) population densities, follow a similar country 
order as the present population and the differences between the two time-frames 
reflect projected population growth. In Africa (Fig. 3.9), projected densities 
vary from a low of 0.01 in Western Sahara to a high of 7.09 person per hectare in 
Mauritius. In Southwest Asia (Fig. 3.10), the projected population densities vary 
from a low of 0.07 in Saudi Arabia to a high of 8.97 in Bahrain. In South America 
(Fig. 3.11) they vary from a low of 0.01 in French Guyana to a high of 0.51 in 
Ecuador. In Central America (Fig. 3.12) they vary from a low, of 0.10;in) Belizeme 
a high of 6.91 in Barbados. In Southeast Asia (Fig. 3.13) the projected population 
densities vary from a low of 0.24 in Lao to a high of 53.56 person per hectare in 
Singapore. 


Present and Projected Potential Population Supporting Capacities 


Data on present and projected potential population supporting capacities are 
presented in Table 3.4 and illustrated (green columns) in Figures 3.9 to 3.13. 


Differences between present (1975) and projected (2000) potential population 
supporting capacities for any country are due to increases in non-agricultural land 
requirements relative to the effects of the projected increases in planned irrigation 
production. 


Present potentials (person per hectare) at low inputs vary from low values 
of <0.01 - Western Sahara. (Africa, Fie. 3.9) ,.< 020l)— Bahrain «(Southwest wAs@ras 
Fig. 3.10), 0.17 — Chile.(South America, Fis. 3.11),<0.0! - Netherland*Antadieg 
(Central America, Fig. 3.12), <0.01 — Singapore’ (Southeast Asia, Fig’. 3.13)59te 
high values of 3.47 - Mauritius (Africa), 0.67 - Lebanon (Southwest Asia), 2.72 - 
French Guyana (South America), 1.43 - Jamaica (Central America), and 2.66 - Malaysia 
(Southeast Asia). 


The projected potentialswith low inputs vary from low values of<0.01 - Western 
Sahara (Africa), <0.01 - Bahrain (Southwest Asia), 0.34 - Chile (South America), 
<0.01 - Netherland Antilles (Central America), <0.01 - Singapore (Southeast Asia), 
to high values of 3.33 - Mauritius (Africa), 1.21 - Turkey (Southwest Asia), 2./25— 
French Guyana (South America), 2.89 - Puerto Rico (Central America), 8.38 - Bangladesh 
(Southeast Asia). 


The presently grown mixture of crops has a marked influence on these low level 
of input results. Accordingly, ranking of countries with regard to the potential of 
their land resources to support populations, is best achieved through consideration of 
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the intermediate and high level potential population supporting capacities. Under 
these circumstances, the influence on the results, of a nutritional sub-optimum 
presently grown mixture of crops, is minimal. 


Comparison of the high level of input country results, which corresponds to an 
optimum crop-mix for calorie-protein production (immaterial of the presently grown 
mixture of crops), provides the country rankings presented in the lower portions of 
Figures 3.9 to 3.13. In general, and aside from territories with large extents of 
irrigated lands, countries well endowed with warm major climates and long lengths of 
growing periods have the highest potentials e.g. Africa - Cameroon, Zaire, Equatorial 
Guinea, Congo. 


Except for countries where potentials are extremely low, values at intermediate 
level of inputs are 2 to 4 times greater than those at low inputs and potentials at 
high inputs are 3 to 10 times greater. 


3.4.3 Comparison of Present and Projected Populations with Present and Projected Potentials 


Comparison of: a) country present populations with present (year 1975) potential 
population supporting capacities and b) country projected populations with projected 
(year 2000) potential population supporting capacities, identifies critical countries 
whose food needs cannot be met from national land resources. Such situations are 
shown, by levels of inputs, with asterisks in Tables 3.4 and 3.5 and are illustrated 
inabigures 3.9eto 313°: 


Summary data on the number of critical countries, their extents, their 


total populations and the size of the population exceeding the potential population 
supporting capacity are presented below, for the present (1975) situation. 


NUMBER, EXTENTS AND POPULATIONS OF CRITICAL COUNTRIES - YEAR 1975 


SOUTHWEST SOUTH CENTRAL SOUTHEAST 
nea ASIA AMERICA AMERICA ASTA FOTAL 


Total number of countries 51 16 eS By 16 117 


Number of critical 
countries with: 


Low inputs 22 15 - ent 6 54 
Inter. inputs 7 12 - 4 it 24 
High inputs 2 9 - i 1 13 


Total Extent 
(million hectare) ZOOL 677.4 ib WHOS? PTA SS 897.6 6 494.9 
of all countries 


Extent (million hectare) 
of critical countries 


with: 
Low inputs 2237 9 2) OOO (Se Op) - 50) (26S) Stes) 55) (AS). 3) APO) AVES?) 
Inter. inputs 276.5 0(9).6)) S730 (Ode) - ial (Ose) ei (On 650.48 (lOeO)) 
High inputs 27.50) (O29) 2613 (386) - OmdC<Oleh) OmiaGcOed) 288.5 (4.4) 
Total population 
(million) of all 380.2 U3GnS Sy sts} 106.5 il ih bzAiys I 956.5 
countries 
Total population (million) 
of critical countries 
Low inputs 188.4 (49.6) 96.2 (70.6) - yl Orly) 770.5 (68.9) WeOV2n2 (54.8) 
Inter. inputs 255) C6. 7) Heise (Siey5 10) = Bro) (Se) Dies Oe) JG: (C329!) 
High inputs Ona Oeil) 189 C3" 9) - O.2, (O72) 2B (Ory2)) PM UA stan Gi best) 
Size of population (million) 
exceeding the potential 
supporting capacity with: 
Low inputs 66.9) (17.6) 34.0 (24.9) - SG (8) 168.2 (15.0) Zhe d Melee) 
Inter. inputs Drees) INsWeyh RGus 70) - 0.4 (0.4) densy (Coles), Ase (A) 
High inputs 0.40.1) 8.2 (6.0) - Ow2\ 1052) 263 Oi 2) 11 (0.6) 


Figures in parenthesis are percentages of regional Totals. 
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The assessment of the present (year 1975) sttuation shows that, at 
low level of inputs circumstances, 54 countries are critical out of the total of 
117 studied. These critical countries cover a total area of 2 221 million hectare 
(nearly one-third of the total land area) with a combined 1975 population of 
1 072 million, 55 percent of the total for that year. .In the critical countries, 
the size of the population exceeding the potential population supporting capacity, 
amounts to 278 million. 


Twenty-two of the critical countries, at the low level of inputs circumstances, 
are in Africa, covering 43 percent of the continent's land area and containing 50 per- 
cent of its 1975 population. Africa accounts for 55 percent of the land area ofeaer 
critical countries. 


Percentage 'country' criticality is highest in Southwest Asia, where fifteen 
out of sixteen countries are critical at the low level of inputs, covering 89 percent 
of the region's land area and affecting 71 percent of its 1975 population. 


In terms of size of population exceeding the potential population supporting 
capacity, the circumstance of Southeast Asia is most severe, with 771 million person - 
71 percent of the total for all five regions - living in countries that are critical 
for 1975 at low level of inputs. Some 69 percent of the regional population is 
involved and 43 percent of the regional land area is affected. 


Central America is also substantially affected at the low level of inputs 
circumstances, with 11 out of 21 countries critical, although only 16 percent of the 
regional population is located in these countries and only 3 percent of the land 
area is involved - most of the critical countries are relatively small Caribbean islands. 


Only South America, at the low input level, has no countries unable to feed 
their 1975 population from their own land resources. 


Raising inputs to the intermediate level has a very marked effect. At this 
level of inputs, the total number of critical countries falls by more than a habe 
to 24, and the affected area reduces to 10 percent of the total. The total population 
of critical countries decreases by more than 90 percent, to 77 million person, 
27 million of whom are in excess of the potential population supporting capacity. 


The high level of inputs circumstance reduces criticality even further in all 
regions except Southwest Asia, where nine countries, with a total population of 
19 million (14 percent of the regional total) and covering 39 percent of the total area 
still remain critical. At this level of inputs, only two countries in Africa, one 
in Central America, and one in Southeast Asia remain critical and all have relatively 
small total populations. For all five regions, with high level of inputs circumstances, 
only 22 million person live in critical countries, with 11 million in excess of the 
potential population supporting capacity of those countries. 


Assessment of the sttuatton for the year 2000 shows an increase Of ten 1nsthe 


total number of countries expected to be critical, 1.e. to 64 at low level of inputs 
circumstances. This is accompanied by slight decreases in the total populations and 
areas affected, due mainly to one very big country - India - becoming non-critical 
for the year 2000 because of projected large increases in irrigated production. The 
size of population exceeding the potential population supporting capacity in the five 
regions, rises from 278 million in 1975 to 503 million for the year 2000. 


-The regional projected situation varies widely, as shown overleaf by the 
summary data extracted from Tables 3.4 and 3.5 for year 2000. 


NUMBER, EXTENTS AND POPULATIONS OF CRITICAL COUNTRIES - YEAR 2000 


SOUTHWEST SOUTH CENTRAL SOUTHEAST 
AFRICA 

ASIA AMERICA AMERICA ASIA pr) 
Total number of countries 5 16 13} 21 16 ate 
Number of critical 
countries with: 
Low inputs 29 L5 - 14 6 64 
Inter. inputs 12 i) ~ 7 2. 36 
High inputs 4 12 - 2 x 19 


Total Extent 
(million hectare) D shite Jk (V7 at i 7 7OeP2 PANG 897.6 6 494.9 
of all countries 


Extent (million hectare) 
of critical countries 


with: 
Low inputs 130262" (45-2) 560025) (C886) - PBA (Oni) 88.7 (9.9) POS 9 SiO) 
Inter. inputs G285 (2D) C05 CeicO) - GEOm(Ze2) vee 5) Cl gle) ik DEY (ANS) 57) 
High inputs DT (Oh o@); Wek (Sof) - Oa C<@e4))) Oe (<1) Maa (5) 
Total population 
(million) of all 780.1 264.7 392.6 2ilpiez i Qs] oul & SS! ou 
countries 
Total population (million) 
of all critical countries 
Low inputs HSS 8) (5G 7) WSIEaS) {/Sho8)) - 5126 (24,0) Byes) (OL ale) 1 054.0 (29.4) 
Inter. inputs TL@ i CVs.) WS o3) 7a) - Mii CU 2) UGA (sie) MVS) (Ls) 53) 
High inputs Ome Glia) hash (sis 7) - @s7/ (52) otk (Oo) 104. (2539) 
Size of population (million) 
exceeding the potential 
supporting capacity with: 
Low inputs ANSc ts) (B26) Noy 6G (@AOa 7) - 18.0 (8.4) Ws (357) BOS oi, (CWAG@)) 
Inter. inputs AS (Gls) Ui) (Po) - GeO (Gis?) Tet (Os4) vies} (SoG) 
High inputs Ds (O53) ot oe) (CLS) 613) - Os5 (2) Boll (Oo) G7) oi3 (ha Si) 


Figures in parenthesis are percentages of regional Totals. 


South America is projected free of critical countries even at the low level 
of inputs circumstances. In Southeast Asia, mainly because of the India contribution, 
the situation improves over 1975. Although the number of critical countries at low 
input levels remains at six, they are not the same sixcountries as in 1975. In this 
region the total area of critical countries falls from 388 million hectare to 89 million, 
and the population involved falls from 770 million to 341 million, of whom 71 million, 
or 4 percent are in excess of the potential population supporting capacity. 


In the other three regions, however, criticality increases both in extent and 
degree. In Central America the number of countries unable to be self-sufficient in 
food for their year 2000 population with low level of inputs is 14 - three more than 
in 1975. The population of critical countries trebles, from 17 million in 1975 to 
52 million in year 2000 (24 percent of the regional total). 


In Africa the situation very markedly worsens. The number of critical countries, 
at low level of inputs, rises from 22 to 29 and the population of critical countries 
more than doubles, from 188 million to 466 million (60 percent of the regional total). 
Of these, nearly half - 257 million are in excess of the potential population 
supporting capacity. 


The number of critical countries in Southwest Asia remains at fifteen. But the 
population of critical countries more than doubles, from 96 million to 195 million 
of whom 108 million, 41 percent, are in excess of the potential population supporting 
capacity. 
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Because the excess population is a higher proportion of the critical 
countries' total population in year 2000 (48 percent, against only 26 percent in 
1975), increases in input level for that time-frame do not have such marked effects 
in reducing the number of affected countries, as for the 1975 time-frame. The 
number of countries that remain critical at intermediate level of inputs, at year 
2000, is 36 - twelve more than in 1975. The same 15 Southwest Asia countries remain 
critical, as do 12 African countries. In all five régions, the population sor 
critical countries, at intermediate level of inputs is 486 million - 13 percent of 
the total. 


High level of inputs circumstances, reduce the number of critical countries 
to 19, with a population of 104 million - 3 percent of the total for all five 
regions. Eighty-nine million of these are in Southwest Asia, where 12 countries 
remain critical even with high level of inputs. Only four African countries, two 
Central American and one Southeast Asia country remain critical at high level of 
inputs, with a total population of 15 million. 


4. REVIEW 
AND 
IMPLICATIONS 
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4. REVIEW AND IMPLICATIONS 


The results of the study reveal very large differences, in present (year 1975) 
and projected (year 2000) populations, and in present and projected potential 
population supporting capacities both within and between countries (and regions). 
These differences are reflected by equally large variations in adequacies (or 
inadequacies) of the available land resources to meet the food needs of present (and/ 
or projected) populations. 


At the finest unit of analysis, i.e. the individual-country length of growing 
period zones (Section 3.3) potential population supporting capacities with low level 
of inputs, vary from lows of 0.01 person per hectare in zones with poor climatic and 
soil resources, to highs of more than 5.0 person per hectare in zones with good land 
resource endowment. 


These variations in potential occur both within and between countries as 
exemplified by the following results from two countries in West Africa. Niger, with 
poor climatic and soil resource endowment has a low average national potential of 
0.01 person per hectare while the adjoining country of Nigeria, well endowed with 
land resources, has an average national potential fifty times greater i.e. 0.59 
person per hectare. Within country variations in land resource endowment are well 
reflected by the individual-country zone potentials for the latter country which vary 
froma low of 0.03 person per hectare in the 75-89 days length of growing period zone 
in the northeast, to 2.95 person per hectare in the 365 days growing period zone in 
the south of the country,. an increase of some 100-fold in potential. 


Equally important is the ability, of the land resources of individual-country 
lengths of growing period zones, to respond to increased levels of inputs. Averaged 
over the five regions of the study, potentials with intermediate and high levels of 
inputs are respectively three and eight-fold greater than those at the low level of 
inputs. Within these general response ranges, zones with severe climatic and/or soil 
constraints respond little to increased levels of inputs, while the potentials of 
zones with only minor constraints may increase by.more than ten-fold. The higher 
potentials, with increased inputs, are due not only to yield increases but also to 
reduced fallow periods and degradation losses. 


® Under the extreme circumstance of each individual-country length of growing 
period zone acting as a single and independent entity, the extent of critical zone 
areas and the size of population exceeding the potential population supporting 
capacity, is large. With the low level of inputs circumstance, an estimated 
2 453 million hectare of land in the five regions, are assessed as being unable to 
meet the food needs of present (year 1975) populations. This critical extent is 
reduced to 1 434 million hectare with high level of inputs. Sizes of populations, 
exceeding the potentials are estimated at 563, 176 and 102 million with low, inter- 
mediate and high levels of inputs respectively (Section 3.3). 


The extent of these critical areas is most marked in Southwest Asia where 
75 percent (506 million hectare) of the total land area is assessed as critical 
at low level of inputs. Equivalent figures for other regions are: Africa - 
47 percent (1 355 million hectare); Southeast Asia - 35 percent (313 million hectare) ; 
Central America - 25 percent (67 million hectare) and South America - 12 percent 
(213 million hectare). 
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Location, of these critical individual-country length of growing period zone 
areas, varies between regions. In the tropics they are generally confined to lengths of 
growing period zones of less than 150/180 days in the warm tropics, but extend over 
most growing periods in the more densely populated moderately cool and cool tropics. 
The degree of criticality, as expressed by the ratio-present potential population 
supporting capacity : present population, is highest in these latter cooler 
major climates where some individual-country zone areas remain critical even at the 
high level of inputs. The exception to this general picture is Southeast Asia where 
critical zone areas extend into the densely populated longer lengths of growing period 
zones of the warm tropics, at low level of inputs. The situation is particularly 
critical in some parts of Indonesia where some of the 365 and 365 day zones remain 
critical with high level of inputs. 


te) Aggregation of the above described individual-country length of growing 
period zone results, into regional level growing period zone results (Section 32 ie 
represents another extreme and emphasises the consequence of land resource endowment 
on potential population supporting capacity. In the five regions, the highest average 
potentials occur in the warmer areas of the tropics, sub-tropics and temperate 
climates e.g. tropics: warm - 0.75, moderately cool - 0.16 and cool - 0.12 person per 
hectare respectively, at low level a inputs. 


This situation (high potentials in warm climates) is reflected by the results 
of most major climates in all regions. Marked exceptions occur in the tropics of 
Southwest Asia and the sub-tropics (winter rainfall) of Southeast Asia, where very 
large extents of land have severe moisture limitations which mask the chery 
potentials of warmer major climates. 


Equally larger variations in potential population supporting capacities also 
occur between lengths of growing period zones, grouped for all major climates. In 
the five regions, highest average potentials occur in the longer lengths of growing 
period zones, i.e. more than 269 days, where potentials, (with low level of inputs) 
are in the range 0.82 - 1.58 person per hectare. The middle group of growing period 
zones, i.e. 90-269 days, exhibit intermediate values (0.50-0.93 person per hectare) 
while the shorter length of growing period group, with severe moisture limitations, 
exhibit the lowest potentials (0.12 - 0.31 person per hectare). This pattern is 
particularly marked in those regions containing relatively small extents of irrigated 
areas, i.e. Africa, South America and Central America. The relatively high potentials 
in the shorter lengths of growing period zones of Southeast Asia reflect the higher 
incidence of irrigation in those zones of that region. 


Comparison of these regionally aggregated length of growing period zone 
results with corresponding present (year 1975) population data, identifies critical 
zones at this regional level. The overall picture is in accord with the previously 
described patterns, namely: 


- averaged for all lengths of growing period zones, moderately 
cool and cool major climates exhibit high present population 
densities and low potential population supporting capacities 
leading to frequent occurrence of critical zones in these 
major climates, 


- averaged for all major climates, the middle range of growing 
period zones (90-269 days) show high present population densities 
and intermediate potentials which are generally adequate to meet 
food needs. Long lengths of growing period zones (more than 
269 days) have high potentials and, in general, are not critical. 
Short lengths of growing period hte low potentials and a high 
proportion of these areas are critical. 
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e Aggregation of the first described individual-country length of growing period 
zone results, into regional results (Section 3.1) simulates the also extreme situation 
of each region acting as a single and independent entity. Such aggregation allows 
comparison of the pgtentials with present (year 1975) and projected (year 2000) 
populations. 


This regionally aggregated data show that, given the assumption of the study, 
the land of the five regions together, even with low level of inputs, could provide 
the food needs of 2.0 times the year 1975 population and 1.6 times the projected 
year 2000 population. Regional differences within this overall situation, are 
considerable. Comparisons of the year 2000 low level of inputs potential, with the 
population projected for that year, reveal that four out of five regions (acting as 
separate and independent entities) could meet regional food needs with low level of 
inputs, as follows: South America - 3.5 times, Africa - 1.6 times, Central America - 
1.4 times and Southeast Asia - 1.1 times. . 


The exception, to these potentially satisfactory overall regional situations, 
is Southwest Asia. For this region, the ratio of population to potential, for the 
year 2000, is 0.7 with low level of inputs and 0.9 with intermediate level of inputs. 
Only with high level of inputs does the ratio exceed 1.0 (1.2), i.e. this region (as 
a whole) will need to apply more than intermediate level of inputs if it is to meet, 
from its land resources, the food needs of its projected year 2000 population. 


The three above described sets of results (the individual-country length of 
growing period zone results; the regionally aggregated growing period zone results; 
the regional results) comprise three markedly contrasting degrees of aggregation, 
and hence three markedly contrasting assumptions with regard to movement of surplus 
potential production, namely movement: 


- within individual-country lengths of growing period zones, 
~ within regional lengths of growing period zones, 
- within regions. 


e A situation more comparable with present day reality is the assumption of 
movement of surplus within each country, i.e. each country acting as a single and 
independent entity. The results of such an assumption are provided by the described 
country results (Section 3.4). These show a total of 54 countries, in the Developing 
World, unable to meet the food needs of their 1975 populations from their own land 
resources with low level of inputs; (Africa - 22 countries; Southwest Asia - 15; 
Central America - 11; Southeast Asia - 6). The total land area of these critical 
countries is 2 221 million hectare and the size of paqpulation exceeding the potential 
population supporting capacity is 278 million people. Even with application of 
intermediate level of inputs, to all cultivable land, 24 countries are unable to meet 
full food needs of their 1975 populations (land area - 651 million hectare; excess 
population - 27 million). Nineteen of these countries will be unable to meet future 
(year 2000) food needs even with high level of inputs (land area - 404 million 
hectare; excess population - 48 million). 


Within the context of these critical country situations, it is of interest to 
consider the feasibility of food importation from the geographically nearest country 
with a surplus potential population supporting capacity, and preferably with a common 
border. An example of such analysis is presented overleaf for Africa. 


In the African continent, for the year 1975 time-frame, at the low level of 
inputs, there are 22 countries critical at the national level. As shown overleaf 
these countries may be aggregated into 10 potential food deficit + potential food 
surplus geographical groups. 


GEOGRAPHICAL GROUPING OF POTENTIAL FOOD DEFICIT ('CRITICAL') COUNTRIES AND POTENTIAL FOOD SURPLUS COUNTRIES: 
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22 critical countries amounts to a food requirement for 66.9 million person and the 
total surplus of the 10 common border countries is: equivalent to a potential 
population supporting capacity for 256.4 million, i.e. the 22 deficit countries 


require 26.1 percent of the surplus production potential of 10 countries. 


In 


comparison, at the Africa regional level, the total food surplus in the region is 
equivalent to a population excess supporting capacity for 741.7 million person. 


with a food deficit equivalent to 5:1 million person. 


At°the intermediate level of inputs, there are seven 


Four 


countries have an excess potential for 428.4 million person 
of the excess production potential would meet the deficit. 

level of inputs, the food deficit of two critical countries 
0.1 percent of surplus potential production of one country. 


critical countries 
common border surplus 
and hence’ l2e percent 
Finally, at the high 
can be met by less than 


The country results provided in this report allow for such analysis to be 
undertaken for any required grouping of countries in each of the five regions of the 
study. 


a OG ee 


& While the findings are the results of a ‘first approximation' study on the 
basis of a 1:5 million scale land inventory, they clearly identify a major problem 
area in the complex population/food equation, namely - land resource endowment. 


The assessed increase in the number of critical countries by the year 2000, 
at low level of inputs, provides a firm indication that national possibilities for 
meeting future food needs from expansion of cultivated area, are restricted. Land, 
and its potential to produce is limited and it is assessed that, by the year 2000, more 
than half of the total number of countries studied have insufficient land resources 
to attain food self-sufficiency with low level of inputs, even if they were able to 
cultivate all their potentially cultivated land. The extent of the problem is 
quantified by the present study and some possible solutions are identified. 


For those areas where the situation is critical at low level of inputs 
circumstances, increases in rainfed production can only come from application of 
higher input level packages. The country results indicate that this will be the 
position in 64 countries in the Developing World by the year 2000. 


Of these 64 countries, 28 could meet their year 2000 food needs from their 
land resources through application of intermediate level of inputs packages to all 
potentially cultivable rainfed lands. 


In the remaining 36 countries, even application of intermediate level of 
input packages to all potentially cultivable rainfed lands will not be sufficient 
to meet projected food needs. 


Seventeen of these 36 countries will need to attain application of high level 
of input packages (including complete conservation measures on all cultivable land) 
if they are to be self-sufficient in food production. 


The implications of these findings are great, particularly with regard to 
required land clearing, increased input use and massive movement of labour and surplus 
potentials within the envisaged time-frame. Such implications are to be explored in 
the final report on the project, subsequent to this technical report. 


The remaining 19 countries are assessed as having insufficient land resources 
to meet their future food requirements, through intensification of rainfed production 
and implementation of presently projected expansion of irrigated production. The 
majority of these countries are in the Southwest Asia region and the remainder are 
island states in other regions. All need to rely on food imports. 


For those areas, solutions involving population planning and distribution, 
major land improvements including irrigation, and food importation (especially from 
adjacent surplus countries) are the only long-term remedies. Without such remedies, 
continuation of the present situation in critical areas not importing food, can only 
lead to accelerated worsening conditions through a vicious circle of land degradation, 
declining productivity and hunger. 


e At best, the above is a conservative view, because of the assumption of all 
potentially cultivable land being allocated to food crops. 


Should present cash crop land requirements be considered, additional countries 
may have difficulty in meeting their future food needs. On the assumption that at 
least one-third of the potentially cultivable land is required for cash crops and/or 
food crops to take account of inequities in food distribution, the number of countries 
in this situation increases to: 


Critical with low inputs - 74 
Critical with intermediate inputs - 42 


Critical with high inputs == 2) 
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9 Achievements of such remedial measures, as described above will undoubtedly 
involve application of many social, economic and institutional policies in the context 
of all human, national and material resources. The present study quantifies the 
physical land resource potential component and provides the essential data base 
and starting point for consideration of viable development alternatives. Present 
problems of hunger are very complex and can be solved only by combined efforts in all 
of the above mentioned fields. It is believed that the present report highlights 
the need to provide the reference resource base, for such efforts, through detailed 
country studies on irrigation and rainfed production potentials and on potential 
population supporting capacities of lands. Only with such national level studies will 
it be possible to plan adequately for the wellbeing of present and future populations 
on a sound environmental basis. 


e It is hoped that the experience gained in the present study will be used and 
that, within the limits of working means available, FAO will have the opportunity 
to assist in this work. The activities presented become the starting point of various 
new investigations in the field of food and agriculture. 
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Table 2.3 Present Crop Distribution (Rainfed and Irrigated) by Major Climate 


and Length of Growing Period Zone. 


Length of % Zone Climate I: Warm Tropics 
growing area 
period (days) occupied = Africa Southwest Asie SouthAmerica Central America Southeast Asia 
>50 Rice 
25-50 Cassava Maize 
365* (N)! 10-25 Maize /Banana/ Groundnut/ Oi] Palm/ 
humid Rice /Groundnut Banana Maize 
5-10 Beans/ Cassave/ 
Oilpalm Rice 
>50 Rice 
25-50 Cassava Maize Maize 
270-365 — 10-25 Maize /Rice Rice/ Sugarcane Maize 
days (N) Sugarcane/ 
humid Beans 
5-10 Groundnut /Banana/ Soybean / Rice /Beans/ Cassava 
Oilpealm Cassava Banana 
>50 Rice 
25-50 Maize Maize /Rice Maize / 
Sugarcane 
180-268 days 10-25 Millet / Beans 
(N) subhumid Groundnut/ 
Cassava 
5-10 Beans/Rice/ Cassava/ Beans/Rice Maize 
Sorghum Sugarcane 
>50 
75-179 days 25-50 Millet Maize Maize / Sorghum /Rice 
(N) Sugarcane 
arid /semi- 10-25 Banana/ Beans /Cassava/ Millet/ 
arid/ Beans/Maize Sorghum Groundnut 
subhumid 5-10 Rice/Banana Beans/ Wheat 


Sorghum 


>50 Millet 
25-50 Sorgum/Millet Maize Wheat/ 
. Sorghum 
ING are) 10-25 Beans/Maize Rice/ Soybean Sorghum /Wheat 
Sugarcane 
5-10 Banana Banane/Beans/ Beans/Maize Groundnut/ 
Sorghum Rice 
>50 Sorghum Sorghum 
29-50 Millet Rice/ Millet 
0 days dry Sugarcane 
10-25 Nillet Maize Maize Wheat/Rice 
5-10 Maize /Banana Wheat Sorghum 
>50 
25-50 Maize Sorghum / Maize /Beans/ 
1-74 days Millet Cassava 
(1)? arid 10-25 Sorghum /Banana/ Sugarcane 
Cassava 
5-10 Beans/Millet Barley /Maize 
>50 Sorghum 
75-179 days 25-50 Naize Millet Maize /Beans 
(I) arid/ 10-25 Millet /Sorghum/ Maize Sugarcane/ 
semi-arid Cassava Cassava 
5-10 Banana 
>50 
180-209 days 25-50 Maize /Cassava 
(I) subhumid 10-25 Beans 


5-10 Soybean __ 


Table 2.3 contd. 


Length of 
growing 
period (days) 


365 * (N) 


humid 


270-365 — 
days (N) 
humid 


180-289 days 
(N) subhumid 


75-179 days 
(N) 


arid /semi- 
arid/subhumid 


1-74 days (N) 
arid 


0 days dry 


1-74 days (I) 
arid 


75-179 days 
(I) arid/ 
semi-arid 


% Zone 
area 
eccupied 


>60 
25-50 
10-25 
5-10 


= Ota = 


Climate 2 and 3: Moderately Cool and Cool Tropics 


Africa Southwest Asia South America Central America Southeast Asia 
Maize 
Maize Rice 
Maize Maize 
Beans Maize/Banana/ Beans/Rice/ 
Rice Banana 
Wheat Potatoes/Beans Cassava 
Sorghum 
Maize 
Maize Maize Rice ‘ 
Beans/Wheat / Rice Sorghum/Beans Maize 
Scerghum 
Potato/Beans/ Cassava/ 
Barley Banana 
Maize 
Maize / Sorghum/ Maize Rice/ 
Beans Millet Sorghum 
Wheat / Potato/ Beans/ Groundnut 
Potato Sugarcane Sorghum 
Sorghum Wheat/ Wheat/Barley/ Millet /Maize 
Barley/ Banane/Beans 
Maize Rice 
Maize Maize 
Maize Beans 
Wheat /Beans Sugarcane/Rice 
Potato/ Wheat/Banana/ 
Sorghum Beans/Potato/ 
Barley 
Sorghum 
Beans/Potato Wheat Maize 
Barley /Potato/ 
Wheat 
Millet Sugarcane /Rice 
Wheat Sorghum 
Barley/Potato 
Potato Millet/Wheat 
Wheat/Maize 
Wheat Sorghum 
Barley 
Millet/Wheat Maize /Potato/ 
Wheat 
Potato Barley 


Table 2.3 contd. 


Length of 
growing 
period (days) 


270-385 * (N) 
humid 


_ 


180-269 days 
(N) subhumid 


75-179 days 

(N) 

arid /semi- 
erid/subhumid 


75-179 days 
(I) arid/ 
semi-arid 


180-209 days 
(I) subhumid 


% Zone 
area 
occupied 


>50 
25-50 
10-25 
5-10 


>50 
25-50 
10-25 
5-10 


>50 
25-50 
10-25 
5-10 


>5s0 
25-50 
10-25 
5-10 
>50 
25-50 


10-25 
5-10 


Africa 


Southwest Asia 


South America 


Wheat 


Maize /Sorghum 
Soybean 


Soybean/Maize 
Rice 
Wheat 


Wheat 
Beans/Maize 
Rice 


Wheat 
Maize 
Sorghum 


Wheat/ 
Sorghum 
Maize 
Millet 


Climate 5 and 6: Warm and Moderately Coo] Sub-tropics (Summer Rainfall) 


Central America Southeast Asia 


Maize 


Sugarcane 
Beans 


Table 2.3 contd. 


Length of * Tone Climate 7: Warm Sub-tropics (summer rainfall) 
growing area 
period (days) occupied Africa Southwest Asia South America Central America Southeast Asia 
>50 Maize Sorghum Rice 
270-365 — 25-50 
days (N) 10-25 Groundnut 
humid 5-10 Maize / Maize /Wheat 
Sugercane 
>50 Maize Maize 
25-50 Sugarcane / Rice 
Sorghum 
a eee pore 10-25 Wheat /Maize / Sugarcane Wheat /Maize 
(N) subhumid 
Soybean 
5-10 Groundnut Sorghum Sugarcane 
Barley 
>50 Maize 
75-179 days 25-50 Sorghum Wheat 
(N) 10-25 Rice /Millet_ 
arid /semi- 6-10 Soybean/ Maize /Barley/ 
anne f Beans Sorghum/ 
tole ceTe Sugarcane 
>50 
25-50 Maize Wheat/Millet 
1-74 days (N) 10-25 Sorghum/ 
arid Beans/Wheat 
5-10 Soybean Rice /Maize / 
Sugarcane 
>50 Maize Wheat 
25-50 Sorghum /Maize Sorghum Wheat 
0 days dry 10-25 Beans Wheat Maize /Beans Rice/Millet 
5-10 Soybean / Sorghum/ 
Sorghum Sugarcane 
>50 Sorghum Wheat 
25-50 
bis gave) 10-25 Maize/Beans Maize/ 
Sorghum 
5-10 Millet 
a 
>50 Maize 
25-50 Sorghum Sorghum 
fea days 10-25 Maize/Wheat/ 
(I) arid/ 5 
semi-arid ad 
5-10 Beans/ Soybean / 
Groundnut Millet 
a 
>50 
180-208 days 25-50 Sorghum/Wheat 
(I) subhumid 10-25 Maize 


5-10 Soybean/Millet 


Table 2.3 contd. 


Length of Tone Climate 8 and 9: Moderately Cool and Cool Sub-trepics (Summer Rainfall) 
growing area 
period (days) occupied Africae Southwest Asia South America Centra] America Southeast Asie 
>50 
365 * (N) 25-50 Maize /Soybean 
humid 10-25 Wheat 
5-10 Beans 
>50 
Seana 25-50 Wheat Maize /Wheat 
10-25 Maize 
days (N) 
humid 5-10 Sorghum / 
Soybean 
Barley 
>50 Wheat 
25-50 ize/Wheat 
(N) subhumid Soe Stag i 
Sorghum Sorghum 
5-10 Barley Barley 
>50 
25-50 Maize Maize /Rice 
a 179 days 10-25 Beans/ Wheat 
: : Sorghum / 
arid /semi- 
arid /. Soybean 
subhumid 5-10 Wheat Millet / 
Barley 
>50 Wheat 
1-74 days (N) 25-50 Maize 
arid 10-25 
5-10 
>50 Wheat Maize Wheat 
25-50 Maize /Beans 
0 days dry 10-25 Sorghum / Wheat 
Wheat 
5-10 Potato Sugarcane Sorghum Beans/Maize 
>50 Wheat 
25-50 Wheat /Maize 
eae @) 10-25 Sorghum/ Maize/ 
Beans Sorghum 
5-10 
>50 Wheat 
75-179 days 25-50 Maize /Wheat 
(I) arid/ 10-25 Beans/ Maize / 
semi-arid Sorghum Sorghum 
5-10 Barley 
>50 Wheat 
180-209 days 25-50 
(I) subhumid = 10-25 Sorghum 
5-10 Barley 


—- 97 - 


Table 2.3 contd. 


Length of one Climate 11: Cool Sub-tropics (Winter Rainfall) 
growing area 
period (days) occupied Africa Southwest Asia South America Central Americe Southeast Asia 
>50 Wheat 
365 * (N) 25-50 Potato 
humid 10-25 
5-10 Barley 
>50 Wheat 
= 25-50 Wheat /Rice/ 
270-365 Maize 
days (N) 
i 10-25 Barley Barley / 
Potato 
5-10 
>50 Wheat Wheat Wheat 
25-50 Barley Wheat/ 
180-269 days Maize 
(N) subhumid 10-25 Barley /Maize 
5-10 Rice Beans/Barley/ Sugarcane/ 
Potato Rice /Barley 
>50 Wheat Wheat Wheat Wheat Wheat 
75-179 days 25-50 Barley Barley Barley 
(N) 10-25 Beans /Maize Barley/ 
arid /semi- Maize 
arid’ 5-10 Potato / Sorghum Rice/ 
subhumid Rice /Barley Sugarcane 
>50 Wheat Wheat Wheat Wheat 
25-50 Barley 
ae Bayan 10-25 Barley Beans/Maize Sorghum 
5-10 Rice Potato/ Sorghum Maize 
Barley /Rice 
>50 Wheat Wheat Wheat Wheat 
25-50 Maize Barley 
10-25 Barley Barley Wheat/ 
Od 
Bye ory, Potato 
5-10 Rice Beans/ Sorghum Sorghum 
Barley /Rice 
>50 Barley Wheat Wheat 
25-50 Wheat Barley 
le Bare 10-25 Maize 
arid : 
5-10 Rice Potato/ 
Barley 
>50 Wheat Wheat 
75-179 days 25-50 Wheat /Barley Barley 
(I) arid/semi- 10-25 Potato Barley 
arid 5-10 Maize / 


Potato 


Table 2.3 contd. 


Length of eT ane Climate 13 and 14: Coo] Temperate 
growing area 
period (days) occupied Africe Southwest Asie South America Central America Southeast Asia 
>50 Wheat Wheat 
eat days 25-50 Beteic 
: an 10-25 Barley 
arid /semi- Mai ; 
arid # , 5-10 aize Maize / 
subhumyid Barley 
>50 Wheat 
1-74 days (N) 25-50 Potato 
arid 10-25 Barley 
5-10 
>50 Wheat 
25-50 Potato 
0 days dry 10-25 
5-10 Barley/ 
Maize 


1. (N) = normal length of growing period zone. 
2. (1) = Intermediate length of growing period zone. 
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Table 3.1 PRESENT AND PROJECTED POPULATIONS AND POTENTIAL POPULATION SUPPORTING CAPACITIES 
OF FIVE REGIONS IN THE DEVELOPING WORLD 


(density - person per hectare) 


1-/ 2/ 


TOTAL — YEAR— YEAR POTENTIAL POPULATION YEAR YEAR POTENTIAL POPULATION 


LAND 1975 1975 SUPPORTING CAPACITY 2000 2000 SUPPORTING CAPACITY 


AREA POP. POP. LOW INTER. HIGH POP: 3/ POP. LOW INTER. HIGH 
(mille ha) (mill) DENSITY INPUTS INPUTS INPUTS (mill)— DENSITY INPUTS INPUTS INPUTS 


TOTAL 6494.9. 1956.6 0.30 0.61 2.11 5.05 3589.7 0.55 0.86 me 2NagumEena 
AFRICA) | 62,8780] 96 egece 2.00013 Mut 39 Gm TES GIy ee 7 780.1 0.27 0.44 | eSoummeee 
core OT CR meee 3003 eC. 20MmmOT C—O, 25 eONC 264.7 0.39. -0.27* +0.35* 0.48 
eis UII! ey Wie Wek) Le Coch: 392.6 0.22 0.78)— 2;9qummENoe 
teen 27126) 106: 618023910, 64 ame 6 SEM 5 215.2 0:79 1.07) 25mm 
a 89766 1 11d?) 1.25 ©1394 3.76 6.34" 1937.1 | 2016. 9 nn 


uy Land areas derived from FAO/Unesco Soil Map, and exclude areas mapped as water bodies. 
2/ Pa te 

— UN data for 1975, millions of person. UN 1979. 

37 


— Projected UN data for 2000, millions of person. Medium variant. UN 1979. 


x ASTERISK INDICATES POTENTIAL POPULATION SUPPORTING CAPACITY LESS THAN PRESENT AND/OR 
PROJECTED POPULATION 


Original data to three decimal places. Apparent discrepancies in some totals due to rounding off. 


sO, 


TABLE 3.2 PRESENT POPULATIONS AND POTENTIAL POPULATION SUPPORTING CAPACITIES 
BY MAJOR CLIMATE AND LENGTH OF GROWING PERIOD (LGP) ZONE 
(density - person per hectare) 


--- AFRICA --- 
a 2 
TOTAL! YEAR“ YEAR POTENTIAL POPULATION ToTaL! YEAR YEAR POTENTIAL POPULATION 
LGP LAND 1975 1975 SUPPORTING CAPACITY LGP LAND 1975 1975 SUPPORTING CAPACITY 
ZONE AREA POP POP LOW INTER HIGH ZONF, AREA POP POP LOW INTER. HIGH 
(days) (mill ha) (mill) DENSITY INPUTS INPUTS INPUTS (days) (mill ha) (mii1) DENSITY INPUTS INPUTS INPUTS 
MAJOR CLIMATE 1 WARM TROPICS MAJOR CLIMATE 7 WARM SUB-TROPICS (SUMMER RAINFALL) 
365+ N 19.8 1.6 0.08 1.43 6.58 8.98 300-329 N - = = = = = 
365- N 127.6 13.3 0.10 1.79 5532s 329 270-299 N <O.1 <@.1 0.21 0.37 4.62 5.60 
330-364 N 75.0 14.4 0.19 1.41 5.62 11.56 240-269 N <O.1 <@.1 0.54 @.48* 2.46 5.32 
300-329 N W333 19.6 0.27 1.46 6.04 14.11 210-239 N <O.1 <@.1 0.50 0.54 2.94 5.25 
270-299 N 127.4 28.6 0.22 8.91 4.48 10.38 180-209 N 0.6 @.2 0.28 0.70 3.19 4.65 
240-269 N 13353 25.0 0.19 0.89 4.20 11.25 150-179 N - - - - - = 
210-239 N 129.8 23.0 0.18 0.64 27 Tie LOR 120-149 N - - - - - - 
180-209 N 225.4 34.0 0.15 0.47 Beate 8.16 90-119 N - - + - - = 
150-179 N 174.7 27:8 0.16 0.47 Bas PP 8.86 75-89 N - = - - - = 
120-149 N 114.0 24.4 0.21 @.15* 0.90 5.48 1-74 N - = - - - = 
90-119 N 71.8 oe Qae @.10* 0.33 3.45 @ Dry 227.6 1.3 0.01 <@.01* <0.01* <0.01* 
75-89 N 58.2 S28 Opi! @.06* 0.17 1.68 fa7aae 8.8 @.1 0.01 @.01* 0.01% 0.02 
1-74 N 369.2 24.2 0.07 0.03% 0.04% 0.06 75-89 1 0.7 @.1 0.08 0.05* 0.23 1.19 
® Dry 180.6 4.4 6.02 @.00* 0.00* 0.00% 90-119 I 185 @.1 0.08 0.14 0.45 2.05 
1-74 1 64.8 1.4 0.02 @.01* 6.01% 0.03 120-149 I 6.3 @.1 0.19 @.65 Z2AS 4.77 
75-89 1 2257, 1.3 0.06 @.03* 0.10 @.97 150-179 I 0.3 @.1 6.42 0.53 1.70 3328 
90-119 I 49.6 3.2 0.06 @.03* 0.16 1.99 180-209 I Z = = = - - 
126-149 I <0.1 <@.1 0.19 @.11* 0.51 2.36 
Eee : - - - - = = SUB-TOTAL 239.8 1.9 0.01 <0.01* 0.02 0.04 
180-2 = = = s = 
MAJOR CLIMATE 8 MODERATELY COOL SUB-TROPICS (SUMMER RAINFALL) 
SUB-TOTAL 2017.3 266.6 0.13 Q.51 2.08 6.16 
‘ 365+ N - 2 e be Bs ns 
MAJOR CLIMATE 2 MODERATELY COOL TROPICS 365- N = ¥ 2 5 a = 
330-364 N - e = % = 3 
365+ N = ~ = + = = 300-329 N = S = = S = 
365-- N 1.4 0.4 0.30 @.01% 0.07% 0.87 270-299 N = a = = e a 
330-364 N TASS 6.8 @.50 0.0S* @.25* 1.90 240-269 N <O.1 60.1 0.16 0.34 0.79 2.04 
300-329 N Bei @.8 0.39 @.13* 0.63 2.95 210-239 N <O.1 <@.1 0.16 0.37 1.00 2.14 
270-299 N UE 2.6 0.36 @.17* 0.84 4.13 180-209 N 0.4 6.1 0.36 0.30 “10 364 
240-269 N 10.6 5.3 90.51 @.27* 1.36 4.77 150-179 N - & = Z = = 
210-239 N 9.6 3.8 0.40 @.27* 1.41 5.03 120-149 N - Zz = 2 = = 
180-209 N 8.8 2.6 0.29 @.23* 1.26 4.57 90-119 N - S & = = 2 
150-179 N 4.2 1.9 0.46 @.23* 0.90 3.53 75-89 N - = = iS = 2 
120-149 N 3.9 Mey ose @.14* 0.60 2.30 1-74 N - = = = = = 
90-119 N 4.7 ®.9 0.20 @.02* 0.05% @6.10* @ Dry 4.0 <O.1 <0.01 <@.01* <@.01*% <0.01* 
75-89 N 2.6 @.7 0.28 @.02* 0.05% @.12* 1-74 I 8.7 Gall We Mi @.01* 0.02% 0.02% 
1-74 N 1.5 Q.3 0.17 @.05* 0.06% 0.08* 75-89 I @.1 <O.1 0.56 @.01* 0.01* 0.02* 
@ DRY DEW, 0.0 0.00 0.04 @.04 0.04 90-119 I Q@.2 @.1 0.50 @.14* 0.26% 0.23* 
1-74 1 BES <@.1 0.01 @.01* 0.02 @.02 120-149 I 0.3 @.1 0.48 @.16* 0.29* 90.59 
75-89 1 Q.1 <@.1 0.01 <0.01* 0.01 @.03 150-179 I 0.7 @.3 0.41 @.29* 0.56 e277 
90-119 I Q.1 0.0 0.09 £0.01 0.01 @.03 
120-149 I - = = - - - SUB-TOTAL 6.3 @.8 0.12 @.06* 0.15 0.34 
150-179 I - - - - - = 
MAJOR CLIMATE 9 COOL SUB-TROPICS (SUMMER RAINFALL) 
SUB-TOTAL 63.6 2 Sue Oecd, @.17* 0.84 S1PA| 
365+ N - = = = = 
MAJOR CLIMATE 3 COOL TROPICS 365- N = 2 5 = a a 
270-299 N = = = a = Bs 
365+ N = = = = = cs: 240-269 N <O.1 <@.1 0.40 @.01* 0.03% @.15# 
36S- N 0.7 6.2 0.31 0.01* @.05* 0.29% 210-239 N 0.1 <O.1 8.20 @.62* @.05* @.14* 
330-364 N Q.7 0.4 0.52 0.04* 06.16" 0.54 180-209 N @.2 @.1 35 0.36 8.99 2.65 
300-329 N 1.0 0.4 0.41 0.04* 0.19% 0.59 1S@-179 N = a = = = - 
270-299 N 3.5 ee Ges @.06* 0.26* 0.78 120-149 N = = 5 = = = 
240-269 N Sei 2.2 0.44 @.12* 9.81 3.09 90-119 N - a . x = = 
210-239 N 4.6 Dae Aas @.18* 0.91 3.07 75-89 N = s = i Zz 3 
ae A 123 0.30 @.278) 1.23 4.29 1-74 N = = = zB = = 
- 2s, 1.0 0.49 @.21* 0.85 3.32 ® Dr 2.0 - 
120-149 N 1.8 @.6 0.36 @.11* 0.52 2.20 1-74 te 0.3 yy Sar Sane Saas yooh 
90-119 N 2.0 OnS Ones @.02* 06.06* 0. 10* 75-89 | <@.1 <0.1 0.68 @.01* 6.01* 0.928 
75-89 N 1.2 0.4 0.31 @°O2* 0.05*  O712* 90-119 I 9.1 <@.1 0.54 @.10* 6.26" 9.228 
1-74 N 0.7 ®.1 0.18 @.01* 0,02* 06.04% 120-149 | 0.1 Boi ase 0.08* 0.21% 0°52 
@ Dry 1.4 0.0 0.00 @.00 0.00 8.00 150-179 I 0.3 @.1 0.42 0.19* 0/51 1124 
1-74 I ie2 <®.1 0.01 0.01 0.02 @.02 180-209 I = a oe se es BAe 
75-89 I 0.1 0.0 0.00 <0.01 0.01 0.03 
90-119 I <O.1 0.0 0.00 <@.01 @.01 0.02 SUB-TOTAL Sau @.4 0.13 @.05* 0.13 @.32 
SUB-TOTAL 30.3 10.7 8.35 8.12 6.58 2.08 MAJOR CLIMATE 10 COLD SUB-TROPICS (SUMMER RAINFALL) 
MAJOR CLIMATE 4 COLD TROPICS @ COLD 0.2 <0.1 0.20 0.05* 0.10% 06.20 
®@ COLD 2.9 1.2 0.41 @.0S* 0.10% 6.20° MAJOR CLIMATE 11 COOL SUB-TROPICS (WINTER RAINFALL) 
MAJOR CLIMATE 5 MODERATELY COOL/COOL SUB-TROPICS 26540N a a a 
365- N - x ‘ a = = 
365+&- N = = = = = = 330-364 N = = <, is a i 
300-364 N = = = = = = 300-329 N 4 i 2 < = 
240-299 N = = = = = = 270-299 N = ri a a = 
Zp) OaeS 3 z 5 = Z 5 240-269 N 0.1 <0.1 0.42 0.19" 6.76 2.83 
pee : . - jz Z S < 210-239 N 7.6 6.7 0.89 @.31* 1.37 3.06 
ae as Be Se4 117 0.43 2.00 4.06 
= : 4.3 0.7 -70* 2. 2 
SUB-TOTAL = = oi a ei oy eae x Sl 4.3 0.76 o ane [3s 3°55 
MAJOR CLIMATE 6 TRANSITIONAL MODERATELY COOL SUB-TROPICS 75-89 N 18, 322 OF, Bohs AR 1.40 
1-74 N = = = = 4 a 
330-364 N = = = = = - ® Dry 428.4 33.5 0.08 0.14 0.44 @.14 
300-329 N - = = = i = 1-74 I Be 6.9 0.18 @.14* 0.16* 0.19 
270-299 x = = = z - a Cae : el 5.4 0.77 0.55* 0.58% 0.63% 
510-539 N . = a Z a 3 15 0.9 0.59 0.66 1.10 1.76 
a I - - f = Z z SUB-TOTAL 508.7 74 Ol: @.17 0.24 0.34 
120-149 1 ‘ - = 3 : x MAJOR CLIMATE 12 COLD SUB-TROPICS (WINTER RAINFALL) 
180-209 I - - - = = = e . . 
es Ay S = ‘ x - 5 COLD 6.0 2.9 0.49 0.05 0.10 @.20* 
MAJOR CLIM 
1/ Land areas derived from FAO/Unesco Soil Map and exclude COOL TEMPERATE 
areas mapped as water bodies. 150-179 N - - = 2, = 2, 
2/ U.N. data for 1975, millions of persons. U.N. 1979a 90-119 N = a x os 3 a 
* ASTERISK INDICATES POTENTIAL LESS THAN PRESENT POPULATION 75-89 N Ee. 4 & a Fe a 
N - Normal growing period I - Intermediate growing period 1-74 N = = a - = a 
Original data to three decimal places. Apparent discrepancies 
in some totals due to rounding off. SUB-TOTAL - = = = # _ 


MAJOR CLIMATE 14 COLD TEMPERATE 
® COLD . - - - - - 


AFRICA TOTALS 2878.1 380.2 0.13 8.39 1.53 4.47 
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1 2 1 N 
TOTAL YEAR YEAR POTENTIAL POPULATION TOTAL YEAR YEAR POTENTIAL POPULATIO 
LGP LAND 1975 1975 SUPPORTING CAPACITY LGP LAND 1975 1975 SUPPORTING CAPACITY 
ZONE AREA POP POP LOW INTER HIGH ZONE AREA POP POP LOW INTER HIGH 
(days) (mill he) (mill) DENSITY INPUTS INPUTS INPUTS (days) (mill hea) (mill) DENSITY INPUTS INPUTS INPUTS 
MAJOR CLIMATE | WARM TROPICS MAJOR CLIMATE 7 WARM SUB-TROPICS (SUMMER RAINFALL) 
365+ N 110.4 22 @.02 1.02 2.91 7 js.31 380-329 N - “fecal Xe - - & 
365- N 150.9 TiS nee 139 4/:e8 9185 270-299 N 0.6 <@.1 0.01 1.20 7.56 14.24 
330-364 N 76.3 8.1 e.11 lem SSS 9.93 240-269 N 0.2 9.2 0.83 1.36 7.55 20.90 
300-329 N 269.0 11.8 0.04 6.79 5.00 9.21 210-239 N 4.0 0.3 0.06 2.48 7.27 14.41 
270-299 N 173.0 IS Cail 0.63 3.48 9.25 180-209 N Bil @.4 0.13 1.74 Zee 7 sees 
240-269 N 126.8 16.0 O13 0071 3 4alO 07 150-179 N - - - - - - 
210-239 N 63.1 7200 OMI 8.71 Su2 1083s 120-149 N - - - - - - 
180-209 N 24.2 DEQ EO SI2 = O5SS 2.39 7.88 90-119 N = S z Z 2 S 
1S@-179 N Sei $.8 0.28 0.53 De Garas 75-89 N - - - - - - 
120-149 N 30.1 8.8 0.29 6.17 1.02 3.55 [740 = = = = 2 
90-119 N 3.0 Dae (Ong iho Bs 1.50 4.21 @ Dry 6.7 0.2 0.03 0.69 0.69 20.09 
75-89 N G2 2.8 0.53 0.48 06.66 Bal 1-74 I 8.9 0.4 6.04 0.55 0.55 20.56 
1-74 N i4.4 5.0 0.35 0.20 0.21 06.229 75-89 I Bye Q.1 0.95 @.11 0.28 1.81 
® Dry 3.6 fi. 0.31 01675 Ol67. 9 el67 90-119 I 10.6 0.4 0.03 £9.49 1.11 Peo 
ee a ee ee eo ae tas 
-89 24.4 A On| Sm S21 Ghee) GN - : 3 é : : : 
90-119 I 20.6 BEOMO S15 = olo4on44 1.69 180-209 | 13.6 1.3 0.09 0.88 3.00 5.42 
120-149 1 6.1 8.1 8.01 8.10 0.43 1.95 
150-179 I 6.4 @.2 0.62 0.27 0.94 2.30 SUB-TOTAL 70.6 4.4 0.06 98.71 1.89 3.87 
sas i Pie Pia —r Sei ee MAJOR CLIMATE 8 MODERATELY COOL SUB-TROPICS (SUMMER RAINFALL) 
SUB-TOTAL 1149.2 110.8 0.10 0.81 3.54 8.53 oe. : " Sa eee nae os 
+ . . ae . Ps . —s 
MAJOR CLIMATE 2 MODERATELY COOL TROPICS 365- N 2.7 Oe) eee) OxeeO [6 822% 
330-364 N 0.4 0.1 0.30 0.21° 9.91 1.95 
365+ N = 2 = = = & 300-329 N 0.6 0.1 0.2t 0.47 1.46 3.08 
365- N Boe 1.2 0.17 06.01 0.07° 9.87 270-299 N = = = = = = 
330-364 N 14.3 AHN (nel 0.02% 0.08% 9.85 249-269 N = = = 2 = S 
300-329 N 3.8 0.3 0.07 06.03% 06.07" 6.95 210-239 N = = 2 : : = 
270-299 N 4.5 @.3 0.07 0.67 96.10 9.79 180-209 N 2 = z 5 e = 
240-269 N 2.9 @.9 0.32 0.10 6.48 2.70 1S@-179 N = = z = Z = 
210-239 N 0.5 0.1 0.26 0.01% 8.05 06.56 120-149 N - - - - - - 
180-209 N 1.0 @.2 0.15 <0.01* 0.03% 9.47 90-119 N - - - - - - 
150-179 N 2.2 1.9 2.85 Q.32® 9.93 2.76 a N = - - - - - 
120-149 N Dad 8.7 19 @.15* 0.60 2.01 = ; = - - - - - 
98-119 N 1.5 0.6 0.37 0.25% @.41 1.02 @ Dry 10.5 0.3 9.03 0.01 0.018 9.019 
75-89 N a3) 0.4 @.32 0.02 0.14% 9.41 Iie I 12.7 8.7 8.05 8.23 8.23 9.25 
1-74 oN oul 8.3 @.31 <0.01% 0.01% 0.02¢ 75-89 I 0.8 <0. 1 8.06 9.06 9.16 2s 
egies oe Se gees ore 0,015 001° 120-149 I 0.8 OL Leis. oe7. i.6a” dice 
= = - - - - - a é ts 5 A é A 
Seren I 0.8 8.1 8.07 68.01% <@.01° 0.61% 150-179 I 0.5 @.1 Q@.12 8.06 8.14 8.24 
90-119 | Dee? 0.1 0.05 0.31 0.33 0.36 
oie I 0.2 0.1 9.42 1.09. te32 2.80 SUB-TOTAL 3551 4.4 8.13 0.18 8.50 I 
= 2 
ae oa re ne are ee on a7 MAJOR CLIMATE 9 COOL SUB-TROPICS (SUMMER RAINFALL) 
SUB-TOT 56.2 14. a27, 07° .18* 0.9 
Lot a eee 32 Poe eee ‘ ¢ 365+ N 0.4 8.1 0.30 0.13% 0.50 1.02 
- N = = - =- -~ = 
MAJOR CLIMATE 3 COOL TROPICS 270-299 N aml et Oy On Gh ee 
As zi - 240-269 N 1.8 0.8 0.44 0.438 1.63 3.63 
: a z B A 210-239 N 2.4 1S @.45 1.02 DP 4.91 
365- N One 9.2 0.59 70.01% <@.81° 9.15 = ; i 
330-364 N Sol 1.5 0.38 0.01 0.049 0.58 foes i Q.1 <@.1 8.06 <@.01¢ <@.e1% <0.01 
300-329 N 1.0 0.2 0.23 0.06% 0.20 1.24 Pea ear = z E > 2 z 
270-299 N 0.6 8.1 8.11 0.12. 0.45 1.59 Ft one Os = S 3 ez = = 
240-269 N 1.0 02 O16 One Gee 1.94 ae 5 z S : = iy 
210-239 N 8.3 1 9.15 Q. 44 1.40 3.87 ae an z = = z = = 
180-209 N 8.7 af i : De ; , Liga As ie ote 
150-179 N B63 0.6 0.16 0.54 eek 3.89 en ae a ous orf NG Bhar oneaac cue 
120-149 N BF 0.5 0.18 0.23 0.89 2.74 Piiee ce sea! ged, re ae ets 
90-119 N a 0.7 0.15 6.17 0.58 1.31 posnaw oe 1 eee Tr hee oe 
cee ee ee Oooo cote ms Geel ota: 120-149 | 1.0 Og foize fecs2) Vo.62 Gice1 
te) SN Swat Soe, cede oc aies oli ocais 150-179 I 1.8 0.4 0.40 0.11® 0.67 1.13 
® Dry 4. : . (0.01 : : Zs ‘ : ‘ 2 
ake 1 aoe 9:2 8:07 9.018 9018 0.028 188-209 I 2.0 0.8 0.40 0.09% 0.97 1.36 
75-89 I 2aS 1D : <0. <0. , y 5 _ 
90-119 I 1.6 Q.2 0.18 @.92° 0.06° 0.30 SUB-TOTAL S651 9.5 0.26 0.23 0.64 1.78 
SUB-TOTAL 30.7 4.8 0.16 0.149 @.42 3 MAJOR CLIMATE 10 COLD SUB-TROPICS (SUMMER RAINFALL) 
‘ ; 0.04 0.05 90.10 0.20 
MAJOR CLIMATE 4 COLD TROPICS ® COLD WA) 9.6 
® COLD aes 5.9 0.19 0.05¢ @. 10¢ 6.28 MAJOR CLIMATE 11 COOL SUB-TROPICS (WINTER RAINFALL) 
: .4 att @.07° 0.37 0.74 
MAJOR CLIMATE S MODERATELY COOL/COOL SUB-TROPICS Rea, oie lee Ma oceaol so tS 
: : mi @.02* 0.23 0.70 
365+a- N 63.6 WS ez 1.54 6.61 17.92 eaenen N jee ot ee a, ee ae 
300-364 N 38.9 15.3 0.39 1.99 6.28 13.81 seneetes eu oe eee pees oe ee 
240-299 N 24.8 Sy are) 1.43 4.28 9.00 Biaeoey i} es soa) ae ee nc 
210=239 N gow Bens ae 22S OS ee cee 210-239 N laf ye ee a Oy Ae 
180-209 N 0.3 O. 1 0.05 0.83 1.45 6.14 paee ety ae ge Laer ee es “Soak ee 
1S@51579.5N x = a 5 r > 150-179 N 0.9 Q.4 9.48 0.64. 1.54 2.95 
120-149 N 0.8 0.7 0.86 0.36% 1.94 : 
SUB-TOTAL 128.4 36.8 0.29 1.65 6.02 14.86 cou om, 3:3 3.5 06 13 L6s 2.70 
MAJOR CLIMATE 6 — TRANSITIONAL MODERATELY COOL SUB-TROPICS pa7 ah ane Pe Ted) Ae Mae 8s 
4 Prom OOS mrOS2 NEG. 32s ORS? 
330-364 N Bal @.5 0.15 0.45 1.58 6.19 ne P rs ere aie ee ceo mis aiioin ds abana 
ro ede 23.2 REE EAC Ia a PRR ag me ae 75-89 | 0.5 <@.1 @.02 0.06 0.25 90:81 
270-299 ‘ 7s : : : : z > af ee 
Sandan roe i 9:19 1:39 34 15.33 90-119 I es <8. 1 0.02 0.06 0.42 
210-239 N 6.4 1. : : f : ' x ani ales 
we 6a 6 | 2.6 O. 9.02 gi 0.32 0.62 SUB-TOTAL 78.3 11.8 0:14 0.25 
90-119 I 3: 60.1 : ; : ; : MEAT 
ota k wes aoe 9.02 0:37 1:25 2.49 MAJOR CLIMATE 12 COLD SUB-TROPICS (WINTER RAINFALL 
150-179 I 1.9 0.1 : f ; 2 CE eee 9s 
180-209 I Wee 0.7 0.10 0.97 3.16 5.80 ® COLD 4.9 1.4 8.28 0.05 10 
SUB-TOTAL 61.7 10.4 0.17 1.04 3.40 7.92 MAJOR CLIMATE 13 COOL TEMPERATE 
\/ Land areas derived from FAO/Unesco Soil Map and exclude ee . ie 40.1 £0.01 <0.01¢ £@.01* <e@.81¢ 
Seren te Che rece neers ae as. U.N. 1979 75-89 N 3.9 @.1 @.01 0.02 11 0.25 
2/ oN. Gata for 1 > millions of persons. U.N. i i “7 0.el 8. 0.05 8.08 
© _ ASTERISK INDICATES POTENTIAL LESS THAN PRESENT POPULATION Uae kl 46:4 @ 
N - Normal growing period - Intermediate growing perio = , s Q. 0.04 06 @.10 
Original data to three decimal places. Apparent discrepancies SUB-TOTAL 63.1 9.8 el 
in some totals due to rounding off. MAJOR CLIMATE 14 COLD TEMPERATE 
® COLD 7.5 0.1 0.01 0.05 0.10 2.20 
SOUTH AMERICA REGION TOTALS 1770.2 ANS Oi a7 PEED oey 
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I 
TOTAL! YEAR~ YEAR POTENTIAL POPULATION TOTAL YEAR” YEAR POTENTIAL POPULATION 
LGP LAND 1975S 1975 SUPPORTING CAPACITY LGP LAND 1975 1975 SUPPORTING CAPACITY 
ZONE AREA POP POP LOW INTER HIGH ZONE AREA POP POP LOW INTER HIGH 

(days) (mill ha) (mill) DENSITY INPUTS INPUTS INPUTS (days) (mill had (mill) DENSITY INPUTS INPUTS INPUTS 
MAJOR CLIMATE | WARM TROPICS MAJOR CLIMATE 7 WARM SUB-TROPICS (SUMMER RAINFALL) 

x = = = 300-329 N = = = S 4 E 
365+ N - - 

365-4 1.2 @.( 0.10 1.70 5.15— 17.09 270-299 N - - : is : : 
330-364 9.5 3.9 0.41 1.40 4.86 13.20 240-269 N 0.7 @.S 0.65 oes} SSS Sea 
300-329 N 10.9 4.3 @.40 1.73 4.93 10.75 210-239 N 8.3 @.1 8.18 1.81 See 12.28 
270-289 N 15.2 6.0 8.39 0.96 3.18 8.58 180-209 N @.2 “0.1 0.26 2.04 PY 12.07 
340-269 N 3.3 3.3 6.49 1.03 3.46 10.36 150-179 N DES @.5 0.22 1.48 4.60 9.03 
210-239 N 15.2 8.0 8.53 1.00 3.29 9.00 120-149 N 0.6 0.2 8.33 0.62 2.26 4.94 
180-209 N 16.1 7.3 0.48 8.99 3.01 8.93 90-119 N 0.2 Q.1 0.S@ @.57 1.35 3.18 
150-179 N 16.4 10.8 0.66 8.98 2.18 8.71 75-89 N @.2 @.1 0.64 0.13 06.33 1.68 
120-149 N xe fl 4.5 on7s 0.52° 1.44 5.36 1-74. ON 48.3 5.9 O12 0.31 8.32 8.32 
90-119 N 0.3 0.6 1.94 @.62® 1.268 4.10 ® Dry S2ne 2.3 @.07 0.67 0.67 0.67 
75-89 N 1.0 8.6 8.56 eS 1.46 2.45 es I = = = - - - 

1-74 N 1.6 0.3 0.17 0.61 0.61 0.62 aig : : 5 3 s - ‘i 

erat : : i ‘ é 120-149 I : : id 

75-89 | 2a a s = = = 1S@-179 I - - = = = = 

— = - = = - - 
90-119 | - - - - = z 188-269 | 
ieee i i é E : 2 SUB-TOTAL 85.2 9.7 @.11 0.50 0.66 0.93 
ak : F , . p ; MAJOR CLIMATE S$ — MODERATELY COOL SUB-TROPICS (SUMMER RAINFALL) 

SUB-TOTAL 101.7 5@.2 8.49 1.07 3,23 9.24 nee : é a f 
MAJOR CLIMATE 2 MODERATELY COOL TROPICS Pa eke 4 ; = = : = 3 

365+ N = L zs = x = 300-329 N = = = z a “i 

365- N 0.8 0.4 8.59 @.0S® 0.12% 0.98 ers a = = = - - - 
330-364 N 0.8 0.3 8.48 0.06% 08.20° 1.16 2405209 N = = - - - - 
300-329 N 0.5 8.4 0.82 @.16® 0.43 2.07 210-239 N = = - - - - 
270-299 N 352 fea 0.34 @.17® 0.52 DISZ. 180-209 N = = - - - - 
240-269 N 6.7 3.0 0.45 8.58 1.40 4.10 150-179 N = = - - - - 
210-239 N Poe 7.8 8.98 @.22® 06.73 3.57 120-149 N 4.5 0.6 @.12 0.24 0.90 2.26 
180-209 N 10.4 10.3 8.99 @.22 0.93 4.20 90-119 N 2.4 e.3 8.10 8.19 @.52 awe 
150-179 N 10.5 4.8 0.45 @.21* 0.72 1) 75-89 N 3.6 0.6 @.17 0.11 0.28 0.71 
120-149 N 10.2 3.9 8.38 @.11° 0.44 2.08 I-74 N = = - - - - 
90-119 N ee 8.9 8.53 0.09% 8.17% 1.05 ® Dry <O.1 <®.1 °O.01 <@.e1 <®@.8t <e@.e1 
75-89 N 1.9 9.4 0.23 0.08 8.11% 0.50 1-74 | = - - - - = 

1-74 N MS 22) 8.18 0.24 @.25 Q@.25 one 4 2 = - - - - 

ree! 3 é a z A : 120-149 | - - - - - - 

75-89 | = = = - - - 150-179 I - - - = = = 
90-119 I - - - - - = 
120-149 | = a - - - - SUB-TOTAL 10.5 1.4 6.14 8.18 8.68 1.47 

-179 I - - - = - = 
Fas MAJOR CLIMATE 9 COOL SUB-TROPICS (SUMMER RAINFALL) 
SUB-TOTAL 65.7 34.8 8.53 0.23% 0.64 2.48 
36S+ N - = = = = > 
365- N - = 4 # 5 ve 
MAJOR CLIMATE 3 COOL TROPICS 270-299 N - - = = = = 
240-269 N - 2 = = B = 
36S+ N . - - - = = 210-239 N = = = = £ = 
36S- N 0.1 <O.1 0.07 0.0S® 0.19 0.69 180-209 N ~ - cs = = = 
330-364 N 8.1 <@.1 0.25 9.01% 0.058 0.36 150-179 N 2 2 “= = - - 
300-329 N 8.1 <O.1 8.50 0.01 0.04% 0.44¢ 120-149 N x 3 2 as eS = 
270-299 N - - = = = = 90-119 N - = 2 = = 
240-269 N 0.1 8.1 8.06 Oot 8.358 2.14 75-89 N = - - - - - 
210-239 N 0.1 0.2 1.86 0.0S® 0.32% 1.93 1-74 N 2 = = = = Es 
180-209 N OS 4.0 11.62 0.09 Br278) L708 (2) bry <0. 1 <@.1 60.01 0.01 «0.01 <@.@1 
1S@-179 N 0.1 O.1 ®.68 0.20 0.58° 1.31 1-74 = es E: © z A 
120-149 N - - - - - - 75-89 : S. = = = = = 

90-119 N - - - - - - 90-119 I x = a Pn = - 

75-89 N = r x 3 x i 120-149 | - - - - - - 

Laas N % r 7 ce = 150-179 | - - - - = = 

® Dry ‘i ; 3 a 5 : 180-209 | - - - - - - 

1-74 | - - - - - - 

Slices, os x e é eZ ¥ SUB-TOTAL 0.1 {@21 <0.01 0.01 Sone mucanan 

SUB-TOTAL 0.6 Ae 6.50 9.08° 9.28¢ 1.sae MAJOR CLIMATE 10 COLD SUB-TROPICS (SUMMER RAINFALL) 

@ COLD 0.1 <0. 1 8.50 8.05 0.10% 08.20° 

MAJOR CLIMATE 4 COLD TROPICS 

@ COLD 0.7 Ae 5.92 @.05° 8. 10° 9.20° MAJOR CLIMATE 11 COOL SUB-TROPICS (WINTER RAINFALL) 

365 N = = = = = oe 
MAJOR CLIMATE 5 MODERATELY COOL/COOL SUB-TROPICS al y 2 a = 4 = E: 
330-364 N - - - - - - 
36S+&- N = - - - - = 300-329 N e ES Ee = aa = 
300-364 N a pe = = om ii 270-299 N = = os = = - 
249-299 N 2.0 {2 80.61 2e2d, 7.01 1S= Ut 240-269 N = = - - - - 
210-239 N 0.2 8.1 8.20 1.86 4.29 9.28 210-239 N = = = - - - 
180-209 N @. 1 Qi, 1 8.28 0.07% Q0.0S® @.14° 180-209 N < = « « = = 
1S@-179 N 0.1 @.1 @.22 @.05*¢ 0.02* 9.108 150-179 N = = = = x fe 
ss * 120-149 N - - - - - - 

SUB-TOTAL 2.4 ies 8.54 2.06 6.21 13.39 90-119 N 0.6 Gul fc) is git 9.32 {97 

75-89 N 8.2 @.1 8.1 : 5 aE 
MAJOR CLIMATE 6 TRANSITIONAL MODERATELY COOL SUB-TROPICS 1-74 N 0.6 eral 0.16 0.01* 0.02¢ o.o1¢ 
anna 0 Dry S5, 8.5 @.14 @.56 8.56 0.56 
> : z e ce = ‘ ry Talal - - - - - - 
300-329 N - = 2 = = . 75-89 I - - - - - - 
270-299 N - ¥ 3 3 a z 90-119 I = = = - - - 
240-269 N - - - - - - 
pare s 5 5 z 3 a E SUB-TOTAL 4.9 0.7 0.15 0.44 0.48 0.59 
BEN 8 3 x = a z . MAJOR CLIMATE 12 COLD SUB-TROPICS (WINTER RAINFALL) 
150-179 | = = = = z 2 4 5 : - fy ‘ 
(80-209 | ‘ r = 3 Es PL COLD 
SUB-TOTAL . - 4 Os P ” MAJOR CLIMATE 13 COOL TEMPERATE 
1S@-179 N - - - - - - 
17 Land areas derived from FAO/Unesco Soil Map and exclude 390-119 N 3 s & = = = 
areas mapped as water bodies. 78-89 N ce = = = = * 
2/ U.N. data for 1975, millions of persons. U.N. 1979 1-74 N - - - - - - 
* ASTERISK INDICATES POTENTIAL LESS THAN PRESENT POPULATION 
N - Normal growing period [ - Intermediate growing period SUB-TOTAL - - - - - - 
Original data to three decimal places. Apparent discrepanciés 
1n some totals due to rounding off. MAJOR CLIMATE 14 COLD TEMPERATE 
@ COLD - - - - - - 
CENTRAL AMERICA REGION TOTALS 271.6 106.6 6.39 0.64 1.68 4.S$1 


TABLE 3.2 
1 re 

TOTAL YEAR 

LGP LAND 1975 
ZONE AREA POP 

(days) (mill had (mill) 

4AJOR CLIMATE | WARM TROPICS 
365+ N $3.0 14.8 
365- N 68.0 37.8 
330-364 N 22.6 27.9 
308-329 N' 46:8 ( 55.6 
278-299 N S4.3 94.3 
240-269 N 67.5 125.5 
310-239 N 63.9 96.6 
180-289 N 35.4 100.0 
158-179 N 59.9 90.0 
120-149 N 53.5 33. | 
90-119 N Sica SO. | 
75-89 N 9.2 12.9 
1-74 N 15.6 10.3 
® Dry 5.2 al4 
1-74 1 = - 
75-89 | - - 
90-119 I - - 
(20-149 I - - 
:SO-179 | - - 
88-209 | - - 
666.3 803.8 


SUB-TOTAL 
IAJOR CLIMATE 2 


365+ 
36S- 
130-364 
300-329 
270-239 
240-269 
216-239 
80-2089 
30-179 
20-149 
30-119 
75-89 
1-74 


i) 
i=} 
lenis ae ee i i i i a i 


“ 


1-74 
75-89 
90-119 I 
20-149 I 
$0-179 I 


SUB-TOTAL 9. 


AJOR CLIMATE 3 


365+ 
365- 
30-364 
98-329 
7@-299 
49-269 
10-239 
88-209 
30-179 
20-149 
30-119 
75-89 
1-74 
9 Dry 
1-74 I 
7s-8s9 | 
90-119 I 


SUB-TOTAL 4. 


AJOR CLIMATE 4 


@ COLD 2. 


AJOR CLIMATE 5S 


ev} 
‘ 
3 


SUB-TOTAL 
‘AJOR CLIMATE 6 


‘30-364 
80-329 } 
‘70-299 } 
‘40-269 
110-239 
78-89 

90-119 
20-149 
S0-179 
88-209 


SUB-TOTAL 


lenin iene ee 


SSOOo-—-—-— ily 


eoov000co-- 


3 0.38 
6 2ek 
3) ee 
1 1.6 
0 8.9 
Ss 8.9 
4 0.3 
Ss) 0.3 
! Q.2 
l 8.1 
4 os3 


COOL TROPICS 


l 0.4 
2 1.8 
= ee! 
3 0.7 
4 8.4 
2 6.4 
2 8.1 
2 8.1 
1 0.1 
aa 8.1 
4 4.4 
COLD TROPICS 
eS 8.1 


contd. 


DENSITY 


Bacal 


ANDO-O-WOo® 
~“ 
W 


oe! EO ky My tht 


DNDONOG-NOOD 


1.00 


8.03 


aot! 


--- SOUTHEAST ASIA --- 


POTENTIAL POPULATION 
SUPPORTING CAPACITY 


LOW INTER HIGH 
INPUTS INPUTS INPUTS 
1.23 6.11 4.87 
2.62 $.48 10.20 
2.02 7.09 9.S8 
1.77 $.69 16.14 
|.34¢ 4.380 7.56 
TASK pe 4.15 eo) 
Zoe 3.26 6.96 
0.84° 2.49 6.22 
ins?” 3.66 8.66 
1.24¢ 3.38 Une) 
1.91 2.84 4.008 
2.05 2.37 3.01 
193 1.94 aye 
8.41° 6.41°¢ 0.41° 
1.43 4.22 7.18 
a. 14° @.2S° OT 25° 
Q@. 13° @. 36° 8.Se* 
Ont k* @.29° 8.41° 
8.42° |.06° bik? 
OLS 7° 1.78 2.24 
8.30°¢ et Rie 8.91¢ 
6.18¢ 0.43* 8.30° 
9.34°® BEY FI d 
O013° 0.63° LatS* 
8.04° @. 10° Bolr* 
Ox2s® 8.63° 0.86° 

ege ise Ze 
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MODERATELY COOL/COOL SUB-TROPICS 
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TRANSITIONAL MODERATELY COOL SUB-TROPICS 
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/ Land areas derived from FAO/Unesoo Soil Map 
areas mapped as water bodies. 
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THAN P I 
- Intermediate growing period 
Apparent discrepanoies 


n some totals due to rounding off. 
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U.N. 


.N. data f 1975, millions of persons. 1979 

ASTERISK’ INDICATES POTENTIAL LESS PRESENT POPULATION 
; - Normal growing period I 
Jriginal data to three decimal eres 


SOUTHEAST ASIA 


- 180-2069 


LGP 
ZONE 
(days) 


MAJOR CLIMATE 7 


. 380-329 


270-299 
240-269 
210-239 


bt 
© 
a’. 2 2 a ead 
“ 


SUB-TOTAL 
MAJOR CLIMATE 8 


365+ 

36S- 
330-364 
300-329 
270-299 
240-269 
210-239 


tSsO=179 

120-149 

90-119 
75-83 
a 


i] 
i=} 


7Ss-839 | 
90-119 I 
120-149 I 
iSO-179 I 


SUB-TOTAL 
MAJOR CLIMATE 9 


36S+ 

365S- 
270-299 
240-269 
210-239 
180-209 
1S0-179 
120-149 
90-119 

78-89 

1-74 

8D 

1-74 

75-89 
90-119 
120-149 
150-179 
180-209 


SUB-TOTAL 
MAJOR CLIMATE 

@ COLD 
MAJOR CLIMATE 11 


meee 5 azzzzez 424222 


10 
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= 
> 
1 
S) 
12) 
© 
ZAZA22S2Z“42Z22AzABZzZ 


SUB-TOTAL 
MAJOR CLIMATE 12 
@ COLD 
MAJOR CLIMATE 13 

1S0-179 N 
90-119 N 
75-89 N 
1-74 N 
SUB-TOTAL 
MAJOR CLIMATE 14 


@ COLD 


REGION TOTALS 897.6 


18. 


26.6 6.0 8. 


| ©OO0G-O0--TdwW 


S922 9900 


A OCO000 


PrtrtinNteereKtotu—_ triads 


TotaL! YEAR™ YEAR 
LAND 197S 1975S 
AREA POP POP 

(mill hed (mitt) DENSITY 
WARM SUB-TROPICS (SUMMER 
8.4 Uist 1.36 1 
4.4 S58) 1.34 1 
8.7 3.5 1.69 l. 
9.0 14.1 L.S7 be 
7.9 S29 4.12 ab 
14.3 S6.3 3.94 Sis 
16.4 $3.9 3.20 1. 
10.0 25.5 2.54 2. 
3.8 Lie 3.85 Qe. 
2) 34.3 1.45 I. 
33.8 22.8 8.67 1, 
140.7 Ce d 1.97 Ll, 


LOW INTER 
INPUTS INPUTS 
RAINFALL) 
-93 7.69 
.24° S.44 
30 4.68 
36° 4.12 
s4e 8.78 
34° 6.66 
31° 3.78 
47° 3.35 
Tie [20° 
96 ey. 
42 1.42 
90° 3.71 


POTENTIAL POPULATION 
SUPPORTING CAPACITY 


HIGH 
INPUTS 


—--RUNWIOWR 
© 
o 


MODERATELY COOL SUB-TROPICS (SUMMER RAINFALL) 


eK—W-CKKCLON—1 11 
@Oooo---OO0 
KK-NNM -WWEELitt 


a 


Be Saat 8. 


COOL SUB-TROP ICS 


2 gia © e. 
= 6.2 8. 
7 8.6 8. 
+ 0.6 Ik 
.4 8.5 Os 
1S 0.3 8. 
1 8.1 Ls 
l 8.1 ts 
N <®.1 Fae 
i <0.1 8. 
a 2.7 e. 


COLD SUB-TROPICS 


8 S.4 8. 


COOL SUB-TROPICS 


oS 280000 
CVPIOtCeWELON— + nn tt 


Ee) Zaihs Qe. 


COLD SUB-TROPICS 


COOL TEMPERATE 


| eat JT Ja | 
{a | 


COLD TEMPERATE 


OWN--O--OO0®Q 


So ENWWH— 


14 e. 
76 8. 
42 8. 
93 8. 
48 8. 
- 398 Qe. 
S7 8. 
68 6. 
06 8. 
0e <8. 
10 8. 
64 8 
(SUMMER 


64 8. 
(SUMMER 
ZAE) 8. 
(WINTER 
23 Q. 
Ol 8. 
69 8. 
46 8. 
36 8. 
21 8. 
06 e. 
17 8. 
(WINTER 

22 8. 
2s 1 


BS 
N 
SGOCwMOED DOO 


44 1.03 
55® 1.26 
36° 0.95 
32° 9.70° 
46* 1.298 
41* 0.91° 
57 1.18 
65-6. 72 
e2° 9.078 
ele 0.01° 
re} (ars 
.50® 1.05 
RAINFALL) 


IS2 @.30° 
16° 8.68 
Loe 8.409 
4se Teao® 
36° 8.85° 
4se 1.14 
30 8.37 
@2° 8.e9¢ 
ele 0.61°¢ 
13 8.13 
Sale 0.64° 
RAINFALL) 
20° O2s% 
RAINFALL) 
ege @.28° 
Ze Lod 
Ze. @.8S*® 
o7e GO. 21e 
@S*® @.18* 
O5* 8. 19° 
36 8.36 
SS) 0.37 
RAINFALL) 
45 8.50 
«39 3.76 


SOON-—--o-~—— 
Ni 
a 
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Go SOO-NO 


6.34 


P22 


--- FIVE DEVELOPING REGIONS --- 


TABLE 3.2 contd. 
TOTAL! YEAR? YEAR POTENTIAL POPULATION 
LGP LAND 1975 1975 SUPPORTING CAPACITY 
ZONE AREA- POP POP LOW INTER HIGH 
(DAYS) (milf ha) (mill) DENSITY INPUTS INPUTS INPUTS 
MAJOR CLIMATE | WARM TROPICS 
36S+ N 213.2 18.6 0.09 1.16 4.46 7.04 
365- N 347.6 Se) Gade 1.66 AX SO mmole 
330-364 N 183.4 54.2 0.30 1.40 Sole i778) 
300-329 N 400.0 Chluey inves: 1.09 5.30 10.26 
270-299 N 369.9 147.9 0.40 0.85 3.92 9.37 
240-269 N 335.8 169.8 0.51 0.94 4.06 10.06 
210-239 N 272.1 134.7 0.49 @.83 3.01 9.39 
180-209 N 351.1 144.6 0.41 8.59 227, Devil 
150-179 N 282.1 137.5 ©.49 0.70 PASI 8.52 
120-149 N 203.6 120.8 0.59 @.45* 1.59 5.65 
90-119 N 106.6 65.1 0.61 0.67 Mosen 3.64 
75-89 N TES i Dassen Onss 0.36 0.50 1.89 
1-74 N 400.8 39.7 0.10 0.12 @.13 0.14 
® Dry 297.7 15.4 0.05 @.02* 0.02%  0.02* 
1-74 I 83.0 3.1 0.064 @.02* 0.03% 0.04 
75-89 I 53.2 ae Onis @.12* 90.21 0.83 
96-119 I 70.2 6.2 0.09 0.09 0.26 1.90 
120-149 I 6.1 7.1 0.01 0.10 0.44 1.96 
150-179 I 6.4 @.2 0.03 @.27 0.94 2.80 
180-209 | DE @.1 0.01 0.43 il 25) 3.54 
SUB-TOTAL 4064.2 1239.7 0.31 0.75 Dail 6.88 
MAJOR CLIMATE 2 MODERATELY COOL TROPICS 
36S+ N 2.3 0.8 0.36 0.14* 0.25% @.35¢ 
36S- N 12.0 4.2 0.35 @.04* 0.14% 0.80 
330-364 N 17.6 7.7 @.44 0.03% 0.14% 0.93 
300-329 N 7.6 Sy tOr4 1 @.13* 06.41* 1.64 
270-299 N 13.9 ANS) (8) 3h @.17* 0.63 PSI 
240-269 N 20.7 10.2 0.49 0.35* 1.24 4.17 
210-239 N L737. 11.2 0.64 0.24* 1.07 4.20 
180-209 N 20.7 13.3 0.64 @.22* 1.04 4.14 
150-179 N 17.0 es iSil @.23* 90.80 2.95 
120-149 N 20.7 Ha  Oee @.13* 0.49 1.98 
90-119 N 1253 BS Waae: @.08* 0.14% 0.45 
75-89 N 5.7 1.6 @.27 @.04* 0.09* 0.31 
1-74 N 14.4 2.8 0.19 0.20 @.21 @.22 
® Dry 12.2 3.4 6.28 0.01* @.01* 0.01% 
1-74 1 3.4 @.2 0.05 @.02* 0.03% 0.03% 
75-89 I 27 O35 Orit @.01* 0.02% 6.03* 
90-119 I 27, @.1 0.05 @.31 @.32 0.35 
120-149 I @.2 @.1 0.42 1.09 (562 2.80 
150-179 I 6.1 Q.1 2s @.96* 1.13* 2.78 
SUB-TOTAL 205.9 82.9 0.40 0.16* 0.55 2.10 
MAJOR CLIMATE 3 COOL TROPICS 
365+ N Leal 0.4 0.37 @.09* 0.13% 0.21% 
365- N Bae 1.4 0.62 @.05* 0.09% 0.22# 
330-364 N 6.4 20) Ose @.02* 0.06% 0.54 
300-329 N BS (eae. 54 @.06* 0.21% 0.77 
270-299 N 4.6 7 OR SS 0.08* 0.30* 0.86 
240-269 N 6.4 2.8 ©.44 @.13* 0.79 2.81 
210-239 N Sho 256) 165511 0.19% 90.91 2.99 
180-209 N 5.4 5.4 1.00 @.31* 1.33 4.40 
150-179 N BES 1.6 0.30 @.42 1.26 3.65 
120-149 N 5.9 Mew G2) @.16* 0.65 2.01 
90-119 N 8.7 ZAG 1 Ones @.11* 0.34 0.74. 
75-89 N ih 0.4 0.32 @.02* 0.06% 0.15# 
1-74 N 0.7 @.1 @.18 @.01* 0.02% 06.04% 
® Dry 6.6 0.3 0.05 <0.01* <O.01* <0.01* 
1-74 I 4.1 @.2 0.06 @.01* @.01* 0.02* 
75-89 | 298) 8.3 0.08 <0.01* O.OL* @.01* 
90-119 I 16 0.2 0.10 @.02* 0.06% 0.29 
SUB-TOTAL aS 25.7 0.36 @.12* 0.47 1.49 
MAJOR CLIMATE 4 COLD TROPICS 
® COLD B73 11.4 0.31 @.0S* 0.10% 0.20% 
MAJOR CLIMATE 5 MODERATELY COOL/COOL SUB-TROPICS 
365+&- N 63.6 14.6 @.23 1.54 6.61 17.92 
300-364 N 38.9 15.3 @.39 1.99 6.28 13.81 
240-299 N 26.8 7.9 @.29 1.49 4.48 9.45 
210-239 N 1.0 0.2 8.19 1.10 3.33 8.02 
180-209 N 0.4 <0.1 @.10 0.65 pele 4.76 
150-179 N Q.1 <0. 1 @.22 0.05% 08.02% 0.10% 
SUB-TOTAL 130.8 38.1 @.29 1.66 6.03 14.83 
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ASTERISK INDICATES POTENTIAL LESS THAN PRESENT POPULATION 


N - Normal growing period 
data to three decimal places. 


Original 


in some totals due to rounding off. 


FIVE DEVELOPING REGIONS TOTALS 


I - Intermediate growing period 
Apparent discrepancies 


TOFAL YEAR? YEAR POTENTIAL POPULATION 
LGP LAYD 1975 1975 SUPPORTING CAPACITY 
ZONE AREA POP POP Low INTER HIGH 
(days) (mill ha) (mili) DENSITY INPUTS INPUTS INPUTS 
MAJOR CLIMATE 7 WARM SUB-TROPICS (SUMMER RAINFALL) 
300-329 N 8.4 1 1e4ere3s6 1.93 7.09 14.86 
270-299 N Soil 5.9 1.16 123 5.69 9.65 
240-269 N 9.6 10.1 1.05 1.30 4.80 9.02 
210-239 N 13.4 14.5 1.08 1.68 5.10 9.71 
180-209 N 17, Soni meee Ss? 21238 57 ACS 
150-179 N 16.8 56.9 3.39 3.07 6.35 11.66 
120-149 N 17.0 Reel | Sails 1<87* 3573 7.67 
90-119 N 10.2 25 Se. 50 25438) 3532 4.05 
75-89 N 4.0 12.0 3.00 @.73* 1.16% 1.82¢ 
1-74 N T2883) 40.7 0.56 0.86 0.86 0.87 
@ Dry 300.4 26.6 0.09 @.23 0.23 0.23 
1-74 I Ze @.5 0.03 0.28 0.28 @.29 
75-89 I 3.8 @.2 0.05 0.10 0.27 1.70 
90-119 I 12.0 @.5 0.04 0.45 1.04 2.28 
120-149 I 10.3 @.5 0.05 0.58 1.62 3.48 
150-179 I 10.0 8.8 0.08 @.58 1.68 3.42 
180-209 I 13.6 1.3 0.09 @.88 3.00 5.42 
SUB-TOTAL 536.3 Fx: BIG) 0.55 0.67 1.35 2.26 
MAJOR CLIMATE 8 MODERATELY COOL SUB-TROPICS (SUMMER RAINFALL) 
365+ N S.4 2.0 0.37 @.23* 1.09 2.56 
365- N 2.7 8.9 0.33 @.26* 1.37 3.36 
330-364 N Q.4 @.1 0.30 @.21* 0.90 1.95 
300-329 N 3a @.6 0.15 0.45 1. 1d 1.68 
270-299 N 0.5 0.4 6.76 @.55* 1.26 1.49 
240-269 N 1.0 0.4 0.41 @.36* 06.94 1.19 
210-239 N 1.4 1.3 0.91 @.32* 0.71* 0.68* 
180-209 N 12 Nat Sign 2 OF 41 mele 2s 2.00 
150-179 N Q.8 iol 1.30 @.41* @.91* 1.28* 
120-149 N 5.4 1.1 0.20 0.30 0.95 2.19 
90-119 N BAS 0.4 0.17 0.49 8.81 1.41 
75-89 N 3.8 @.8 0.21 @.10* 0.25 0.69 
1-74 N <0.1 @.1 2.00 <@.01* 0.01* 0.02% 
®@ Dry 14.7 @.3 0.02 @.01* @0.01* 0.01* 
1-74 I 13.4 @.8 0.06 @.22 @.22 @.24 
75-89 I 0.9 @.1 @.11 0.06% 0.15 1.94 
90-119 I 0.9 (oil  Gsig/ 0.37 a2 §.59 
120-149 I 1.0 @.2 0.22 @.56 1.54 3273 
150-179 I 152 @.3 0.28 0.19% 0.38 @.82 
SUB-TOTAL 60.8 12.3 0.20 0.22 0.56 Hg 3 
MAJOR CLIMATE 9 COOL SUB-TROPICS (SUMMER RAINFALL) 
365+ N 0.4 ®.1 0.30 @.15* 0.51 Ao tit 
300-329 N 8.4 3.4 0.40 0.14% 6.33* 1.96 
270-299 N 3.3 1.5 0.46 @.15* 1.46 3.67 
240-269 N 2D 1.0 0.44 @.41* 1.43 3.06 
210-239 N Suit 17° MO.S6 0.86 2.20 3.20 
180-209 N 0.6 @.6 1.02 @.39* 1.04 7s 
150-179 N 0.4 QUS) eae @.36* @.85* 1.09% 
120-149 N 0.5 @.3 0.60 @.45* 1.14 72 
90-119 N e.1 @.1 ee 8.30 8.37 8.39 
75-89 N Q.1 e.1 1.00 @.02* 0.09% 0.21% 
1-74 N <0. 1 <@.1 2.83 <@.01* 0.01* 0.01* 
® Dry 8.0 @.2 0.063 @.13 0.13 0.13 
1-74 I Doll @.1 0.05 @.01* 0.01% 0.02% 
75-89 I 6.9 <0.1 0.06 ®@.19 0.23 0.62 
90-119 I 8.4 Ona 0.18 @.42 1.54 
120-149 I ea 0.3 0.30 @.29* 90.58 ine T 3 
150-179 I 1.3 @.5 20.41 @.29* 0.87 1.16 
180-209 I 2.0 @.8 0.40 0.53 1.64 1.36 
SUB-TOTAL 43.4 12.6 0.29 @.25* 0.68 1.58 
MAJOR CLIMATE 10 COLD SUB-TROPICS (SUMMER RAINFALL) 
@ COLD 36.1 6.0 @.17 @.13* 0.18 0.28 
MAJOR CLIMATE 11 COOL SUB-TROPICS (WINTER RAINFALL) 
365+ N 3.5 @.4 @.11 0.07% 0.38 0.74 
365- N 0.9 Opi Baile @.05* 0.26 @.49 
330-364 N Thess ®.5 0.38 0.88 1.07 1.47 
300-329 N 8.8 @.4 0.45 0.93 1.41 252i, 
270-299 N Boe aS @.69 1.39 2.43 
240-269 N 4.6 2.4 0.52 0.84 1.68 2.58 
210-239 N 1587; WO SETS @.31* 1.20 2.52 
180-209 N 19.2 20.6 1.08 @.35* 1.54 3.02 
150-179 N 20.4 13.8 0.68 0.72 1.83 ane 
120-149 N 23.9 12.6 0.53 @.42* 1.15 2.19 
90-119 N 46.9 22.8 0.49 0.59 8.98 1.56 
75-89 N 6.0 1.7 0.29 @.24* 0.52 8.88 
1-74 N 49.3 $.5 0.20 0.26 0.28 0.32 
® Dry 726.5 S13) 0.07 @.12 @.12 @.12 
1-74 1 84.1 15.4 90.18 0.19 @.21 @.22 
75-89 1 13.4 8.4 0.63 @.42* 0.46% 0.53% 
90-119 I 3.0 0.9 0.30 0.36 0.79 aes 
SUB-TOTAL 1021.6 se: a 0.19 0.30 0.44 
MAJOR CLIMATE 12 COLD SUB-TROPICS (WINTER RAINFALL) 
® COLD 137.6 42.6 0.31 @.15* 6.20% 0.30% 
MAJOR CLIMATE 13 COOL TEMPERATE 
150-179 N 1.6 @.7 0.46 2.16 2.75 2.61 
90-119 N 2.0 OnSie  Oel7 3.29 3.38 3.54 
75-89 N 10.3 ®.8 0.08 @.07* 0.19 0.32 
1-74 N 46.4 @.7 0.01 0.04 0.05 0.08 
SUB-TOTAL 66.9 2.6 0.04 0.19 0.24 6.28 
MAJOR CLIMATE 14 COLD TEMPERATE 
® COLD 21.0 4.0 @.19 @.05* 0.10% 0.20 
6494.9 1956.6 0.30 0.61 Zeal 5.05 
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TABLE 3.5 PRESENT AND PROJECTED POPULATIONS AND RATIOS TO PRESENT AND PROJECTED POPULATION 


SUPPORTING CAPACITIES BY LOCATION 
AFRICA, SOUTHWEST ASIA, SOUTH AMERICA, CENTRAL AMERICA AND SOUTHEAST ASIA 


RATIOS 
INTER 


o1¢ <0.01* 
@1* <0.01* 
es* 6.38* 
Os* 0.36* 
10# @.54* 
14* @.32* 
14* @.67* 
17* @.40* 
26" Or b5* 
27* 1.16 
33* @.79* 
34* @.51* 
36* 1.28 
37* 1.39 
43* 1.24 
45* 1SZSS 
46* @.97* 
47* 0.86* 
34* tS 
Bo ad 2.26 
61* 2.54 
63* See 
70* 1.06 
13* lee ee 
79# fl 
$2* SES: 
So 4.52 
Sg* Sy, 
90* See 
95* 4.28 
95* 3.64 
718* 2.36 
63 4.19 
12 4.30 
20 1.47 
eek 3263 
74 1.74 
78 8.77 
5 i) Gus 
.82 6.54 
.47 3.39 
Aalke/ 8.65 
.58 $.30 
TIE 10.65 
ee tSmGZ 
41 iWilmors) 
.67 12.97 
5! PEI ASTE 
.68 20.63 
21 12.69 
sg 16.03 
29 PARE 
93 20.44 
2A pa NS 
45 

44 

$3 

65 Sw? 
61 Sais 


Biron G4 3 
MeXEAR > SEAR ese TEAR 197S0e=2~- YFAR~ YEAR --- 
LOCATION LAND 1975 1975 RATIOS 2000 2000 
AREA — POP POP LOW INTER WIGH POP POP LOW 
(mill ha)(mill) DENSITY INPUTS INPUTS INPUTS (mil1) DENSITY INPUTS INPUTS 
AFRICA 
see0@ 
CAPE VERDE 0.4 0.3 0.74 <0.01* <0.01* 0.02* ey Sees <0 
WESTN SAHARA 26.6 @.1 <@,0l £0.01* <@.01* <0.01* 0.2 <0.01 Pa) 
RWANDA 2S med 62 0.18*  ¥.88* 1.99 9.0 3.53 

TOTALS FOR CLASS 1 29.6 s6e4. 5) O15 0.16" 0.80* 1.81 9.7 0.33 Q 
BURUNDI 2.6 es. 9 ak 52 6.22% 1.17 2.66 7.8 3.03 0. 
NIGER (26. 4 Go .04 0.17* 0.56% 9.43 9:7 0.08 Q. 
REUNION Wee Gite Mer 8.20* 1.00 3.33 0.7 2.73 0. 
KENYA 57.0 413.5. O224 0.27* 90.90% 3.90 33.60.59 Q. 
LESOTHO 3.0 1.2 6.29 0. 46* (=15 2 64 73.1) 6.69 Q. 
COMOROS O20 50.5 f-40 0. 42# 1.78 3148 0.4 2.07 0. 
ALGERTA 237.8 “15.7 6.07 0.45* 1.57 2:99 365000. 15 0. 
SOMALIA 63.Gme 20.05 0.40" 0.75% 2.18 6.36 0.10 0. 
ETHIOPIA 120.8 28.8 0.24 0.59% 2.38 10.73 5559 056 0. 
NIGERIA Stic mnGs<75n 0.72 0.82* 3.32 11.27 148.9 1.63 0. 
NAMIBIA $2.3 6.9 <0.01 0.84* 2.40 36.56 1.7) 0.02 0. 
UGANDA 20.0 11.3) 0157 0.97* 3.88 13.60 24.6 1.23 0. 
MAURITANIA 103.1 1.4 <@.01 0.35* 1.42 5.92 2:9 6.03 Q. 
MAURITIUS 2) 6.9 4.85 0.71# 1:27 1.01 1.3. 7.69 0. 
TOTALS FOR CLASS 2 908.1 151.8 0.17 0.65% 2.53 9.29 331.4 0.36 0. 
UPPER VOLTA pane se eaters 0.90 4.36 22.48 11.8 0.44 0. 
MALAWI sie) 5.2 0.59 1.27 4.63 10.88 1f-9 41.35 Q. 
BOTSWANA 60.0 6.7 <0.0l 1:27 6167 9 64.61 1.4 0.02 a. 
TUNISIA iG.3)) 5.6 5 0.34 0.45* 1.12 2.14 9.6 0.59 0. 
MOROCCO 44.4 17.3 0.39 6.73* 1.55 2.69 3651 10-81 0. 
SENEGAL 16,6 5.0.) 0.25 6.89 3.89 21.00 9.7 0.49 0. 
TOGO 5.6 P3583 0.42 1.69 Tae GLAD ONT 5.0 0.90 6. 
SIERRA LEONE 7.2 3.0 0.42 1.69 9114 16.43 6.1 0.84 0. 
SWAZILAND i7e@.5 @.28 1.75 7.40 13.51 @.9 0.54 0. 
MALI 124.0 5.8 0.05 1.34 6.04 29.44 11-6 .0.69 0. 
BENIN 11.9 3.0 0.27 2.08 9:34 33.60 6.5 0.58 0. 
ZIMBABWE asi6 6.27 0.16 1.65 7:80 29.88 14,0 0.36 0. 
TOTALS FOR CLASS 3 364.5 60.9 9.17 1.10 4.44 15.96 124.7 0:34 0. 
GHANA 22.6 10.0 0.44 2.04 8.86 24.40 21,2° 0.94 i 
TANZANIA S69 1564) OL17 2129 9.37 32.55 33.8 0.38 i 
LIBYA [75.9024 <0.01 0.74* si 2.71 5.8 0.03 1. 
GAMBIA (ele G54 0546 1.49 6.44 21.47 1.6 0.90 1 
EGYPT 99719 3690 6 37 ee? 1.67 167 64:7 0.65 1 
CHAD 127.5 4.3 0.03 B15 16.10 70.80 $.0 0.06 ie 
SAO TOME ETC 0.1 8621 | 0.87 1.98 721 9.71 6.1) 06.96 1 
GUINEA CAG eda Onis 3.39 {2.22 39.54 $2710.33 | 
TOTALS FOR CLASS 4 539.8 74.1 0.14 2.00 5.75 17.64 142.8) 6.26 1 
MOZAMBIQUE 73:3 9.2 6.12 4.14 17.01 58.07 (ES Wiese 2 
SUDAN ° 250.5 16.6  ©.06 3.71 14.91 64.72 S123 9 Oui? 2 
GUIN BISSAU is I ESS 4.40 17.23 . 55.97 0.8 0.23 2 
LIBERIA ii i.6 0.14 6.03 30.35 80.52 3:5 0mO ci 2 
IVORY COAST die | ieee “ered 7.15 24.56 55.57 13.9 0.44 3 
MADAGASCAR 5310 Pib7s7 O16 6.29 25.03 72.88 iS. 90.26 3 
ANGOLA 123.9 6 20205 3.57 45.01 150.14 11.8 6.09 4 
ZAMBIA 74.3 4.8 0.06 10.17 44.88 159.38 10.4 0.14 4 
TOTALS FOR CLASS 5 631.2 52.7 0.08 5.84. 24.74 $2.65 105.0. @.17 3 
CAMEROON 47-2) 7.5 O16 10.25." 27.93" 81.8! 13.0 9.28 5 
ZAIRE 2332 7AS BOLT alt sOla ue S2527. el £7.83 46.2 0.20 6 
EQ GUINEA >§ 0.3 0.12 12.08 35.65 104.44 0.6 6:20 6 
TOTALS FOR CLASS 6 282.2 32.3 0.11 11.53 46.46 109.35 £67 O21 6 
CENT AFR 62.3. 2.0 0.03 22159 ‘106.68 301.12 3.6 0.06 12 
CONGO 34.2 1.4 0.04 29.90 120.11 299.88 2.5 0:07 16 
GABON 26.2 0.5 0.02 80.19 243.44 538.40 @.8* 0.03 55 
TOTALS FOR CLASS 7 122.7 © 3.9 “@.03° 32.93 "129/86" “332¢73 6.8) 0.06 1s 
AFRICA TOTALS 2878.1 380.2 90.13 2.95 11.55,~| 33.85 780.1 0.27 1 


1/. Land areas derived from FAO/Unesco Soil Map and exclude areas mapped as water bodies. 

2/ U.N. data for 1975, millions of persons. U.N. 1979a. 

3/. Projected U.N. data for 2000, millions of persons. Medium variant. U.N. 1979a. 

s ASTERISK INDICATES POTENTIAL POPULATION SUPPORTING CAPACITY LESS THAN PRESENT AND?0R PROJECTED 


Original data to three decimal places. Apparent discrepancies in some totals due to rounding off. 


THIS TABLE HAS BEEN SORTED ACCORDING TO INCREASING RATIOS, BY COUNTRY, 
RELATED TO LOW INPUT YEAR 2000 R&Aj .O0S 


POPULATION 


YEAR 2000 --- 


HIGH 
INPUTS 
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TABLE 3.5 contd. 


3 
1 YEAR 2 YEAR ----- YEAR 1975S ---— YEAR YEAR Ge Sos o= YEAR 2000 --- 
LOCATION LAND~ 1975 1975 RATIOS 2000 2000 RATIOS 
AREA POP POP LOW INTER HIGH POP POP LOW INTER HIGH 


(mill ha)(mil1) DENSITY INPUTS INPUTS INPUTS (mili!) DENSITY INPUTS INPUTS INPUTS 
SOUTHWEST ASIA 


SEOHECOHEHOHE HH 


BAHRAIN 6.1 8.3 4.27 <@.01® <@.01* <8.01°% 6.5 S297 <@.01¢ <@.61* <@.e1* 
QATAR 22 Q.2 8.08 <@.01* <O.01* <0.01¢ 0.4 8.20 <@.01* <@.01* <@.e1¢ 
OMAN Ziles 8.8 8.04 CO O\S Ker Ole  <OrGr® 1.6 8.08 {O:..O1% Ol OTS RCO ie 
KUWAIT 1.6 1.8 8.63 <8.01* 8.01* GzOl* Sines 1.98 <O101% “SOO a ece nea 
UNITED ARAB EMIRATES 8.4 0.6 @.07 8.18* 8. 18* Gas 1.6 8.20 @.08* 6.e8* 6.68" 
TOTALS FOR CLASS : 1 3325 2.8 8.88 0.04* 8.04¢ @.04* 7.4 @.22 Gr O2* 8.e2* Gne2* 
JORDAN 9.8 Po @.28 @.24* @.42¢* Oro2s oe) 8.68 @.16* O.23© Ougy- 
SAUDI ARABIA 218.0 Dine @.03 Doze Onze @.67* 15.6 8.07 ao ihe (ale Ke} O.ss® 
LEBANON 1.0 Zo 2-69 OeZ5* @.42* 8.49* 4.9 4.70 O723* 8.30* Bs Si 
YEMEN DEM 28.2 16 0.06 @.S8* IN en le7, 3.4 Grnl2 @.30¢ Onsia @.S58* 
ISRAEL Pao 3.4 1.67 8.38* @.62¢ 8.89* S26 Fo EA Ges @.41¢ @.Se* 
YEMEN ARAB REP NBS) Ses (Vo 27) 6.48* 8.69* 1.45 10.0 6.51 @.3S* 0.47¢* BoC 
IRAQ 43.5 11.0 @.25 @.82¢ 1.78 Souler 24.3 6.56 0.38* 0.74* ees 
AFGHANISTAN 64.8 WS)ar) 8.30 @.62¢ eve 1.06 36.6 @.57 0.43* Qos 0.66% 
TOTALS FOR CLASS : 2 383.7 33.4 8.14 @.S4* @.86* 1.42 106 .2 8.28 @.34* 0.48* Onuza 
SYRIA 18.58 Hos 8.408 Cae NOTES) 2.66 16.3 0.88 8.61% 8.96* iors 3S} 
IRAN 164.8 SZ @.20 8.86° 1.16 1.65 68.4 6.40 8.63* 0.78* 1.02 
TOTALS: FOR CLASS 323 LSSis 40.1 @.22 8.84* ieee] 1.84 81.7 8.45 8.63 8.81* 1.08 
TURKEY Uc) 40.1 @.52 Lee lz Petey 2.96 69.4 8.90 1.34 NOotASS PD PE) 
TOTALS FOR CLASS : 4 Tomo 40.1 Oroz Vis 2 ai} 2.96 69.4 6.98 1.34 10 JAS) 2.30 
SOUTHWEST ASIA TOTALS 677.4 136.3 @.20 On79© Ws 2% 1.96 264.7 8.39 0.68* @.90* [23 
SOUTH AMERICA 
SOCUSOOHEEHEH 
CHILE Cod 10.2 13 1.28 2.50 4.38 14.9 8.20 175 2.58 3.83 
TOTALS FOR CLASS : 4 Uo U 10.2 Bo HS} 1.28 Zi 39 14.9 8.20 NS Za, 3.82 
ECUADOR 28.4 6.9 6.24 S76 16.20 28.54 14.6 Oriol Zee 8.20 12.47 
BRAZIL 851.3 109.7 @.13 $.45 27 . 06 6S .02 PAN FD 0S @.25 Zs 14.0] 33.44 
PERU 128.5 [Sa @.12 S.06 12532 39.00 2955 Q.23 3.10 6.91 26.98 
COLOMBIA 103.9 Zs @.23 5.30 16.58 SiH! oS) 42.5 8.41 Siaau, BS Zine2 
VENEZUELA 88.2 12.6 0.14 6.22 19.01 $8.74 Pos, If @.29 3.458 yale! 29.03 
ARGENTINA 278.9 25.4 @.e9 Se WE 16.75 36.41 S255 @.12 4.95 13.28 28.49 
TOTALS FOR CLASS : 5 1479.2 194.0 8.13 S.43 PEERS 34.06 357.5 6.24 Salo 12.30 Pa} SH) 
URUGUAY — 17.8 25) @.16 6.51 1 Sipley 47.10 3.4 8.19 S.47 1S.87 38.80 
PARAGUAY 40.7 2.6 @.06 12.69 44.43 117.03 S08} 8.13 6.51 22.08 $8.11 
BOLIVIA 109.9 4.9 0.04 15.58 61.22 146.93 SES, 6.08 8.45 32.58 77.86 
TOTALS FOR CLASS : 6 168.3 10.4 0.06 12.44 aedeagal 18.0 @.11 USES 26537 64.76 
GUYANA Za OS; 9.8 0.04 33.84 132-57 324-11 ers: @.06 22738 84.65 206.48 
SURINAM 1623 0.4 8.02 76.00 362.04 807.54 0.7 8.04 39.72 185.79 413.26 
FRENCH GUYANA Sal @.1 8.01 388.29 999.00 999.00 Om 0.01 209.00 753.38 826.77 
TOTALS FOR CLASS : 7 46.9 er @.@3 6S.25 247.24 S@5.44 72-3 8.04 38.68 156.32  si0rs2 
SOUTH AMERICA TOTALS NGG 2 215.8 OrlZ 5.91 PIS] NS VE Dime 392.6 Or 22 Seo 13.34 Sigzioa 


1/7 Land areas derived from FAO/Unesco Soil Map and exclude areas mapped as water bodies. 

2/ U.N. date for 1975, millions of persons. U.N. 1979... 

3/ Projected U.N. data for 2000, millions of persons. Medium variant. U.N. 1979 . 

O ASTERISK INDICATES POTENTIAL POPULATION SUPPORTING CAPACITY LESS THAN PRESENT AND?OR PROJECTED POPULATION. 


Original data to three decimal places. Apparent discrepancies in some totals due to rounding off. 


THIS TABLE HAS BEEN SORTED ACCORDING TO INCREASING RATIOS, BY COUNTRY, 
RELATED TO LOW INPUT YEAR 2000 RATIOS 


a SUNSES 


TABLE 3.S contd. 


PeeXRAR 2 NEAR ====S= AEA MST Sa year? NIBH E 0 SGRS YEAR 2000 --- 
LOCAT ION LAND 1975S 1975 RATIOS 2000) 2000 RATIOS 
AREA POP POP LOW INTER HIGH por POP LOW INTER HIGH 


(mill ha)(mill) DENSITY INPUTS INPUTS INPUTS) (mill) DENSITY INPUTS INPUTS INPUTS 


CENTRAL AMERICA 
FRESE RRE REE HEE 


NETH. ANTILLES 8.1 8.2 FLOM <@.01® <@.0@1* <8.01* 8.4 4.05 SONOS KO Ole ae CO Gl® 
BARBADOS 0.0 6.70 8.99* Ono2? 1.20 <3 ait 0.06* Bxso* @.90* 
TOTALS FOR CLASS : 1 Onl 8.5 3.43 0.04* Oizo. Qasy- OrZ 4.93 0.03* OxlG® 0.36% 
MARTINIQUE 0.1 8.3 ZS @.26* 1.07 Zao 8.4 3.26 @.23* @.95* 2.458 
GUADELOUPE OnZ 0.3 1.83 @.39% 2.98 5.10 0.4 2.14 Orooe 2.50 4.28 
ANTIGUA 0.0 0.1 1.66 0.40* 0..92¢ 3.09 (Ble 3 oS, Q.34* 0.78* 2.62 
EL SALVADOR Zia 4.1 Voy 8.49* Lee 3.81 8.7 4.13 O.-35*% 0.64* 70 
HAITI 2.8 SoZ 1.86 Oro® 1.20 2.23 9.9 3.56 8.40* Ou72= 1.16 
WINDWARD IS. 0.2 0.4 1.81 0.S8* 2.06 6.11 0.4 2.09 0.49* Led S074) 
TOTALS FOR CLASS : 2 5.4 10.4 P92 @.49* 1.28 Sez 19.8 3.67 Ox3S* On752 ocszf/ 
TRINIDAD & TOBAGO 0.5 Veal 2 lel 8.S50* 2.49 4.15 1.4 2.68 Qnesihy 2.06 3.26 
PUERTO RICO 52) Sil Sao Onso® C597. 2.90 4.4 4.97 0.S8* OnIs= Noes)! 
JAMAICA Vail 2.0 1.86 Oni 2.08 4.54 2258) 2.62 On oe 1.61 23574) 
BAHAMAS 1.0 Q@.2- 0.20 L248) LSS, Sov 8.3 8.33 ORT 9.62 36.92 
GUATEMALA 10.8 6.2 8.58 1 5) Sees) M2 FAS) Wot 1.18 8.89* 1.98 6.05 
DOMINICAN REP 4.8 So 1.08 1.14 206 5.28 953 19S ose 1.70 3.09 
TOTALS FOR CLASS ; 3 Nhe tl Woe) @.94 Boe? 72, 3 Teo. Silene) 1.62 0.84* 1.80 4.45 
MEXICO US o83 See 8.30 169 4.08 10.71 13253 8.67 1.38 2.40 5.26 
HONDURAS 11.2 Sead 0.28 SM 7.41 23.86 UG) 0.62 1.48 3.43 18.58 
TOTALS FOR CLASS : 4 208.5 62.3 8.30 hs We) 4.25 Wass 13953 0.67 1.38 2.45 SSS) 
CUBA 11.4 QoS 0.82 1.20 Pay Fag} SS. 1207 Ven Jhl ZiZe 8S 6.67 
COSTA RICA Sic Il 2.0 ON39 3.05 ASS) 26.26 3.4 0.67 Baae, 6.06 S527 
PANAMA 26 oY @.22 3.24 Waste 44.30 2.8 8.37 3.30 10.54 26.21 
NICARAGUA We. Bn Ong 6.38 18.33 Jes ors 0.43 3.30 SS 22.89 
TOTALS FOR CLASS : 5S 36.2 13.3 @.42 2.67 UGeS) P2\\ PAY) 24.1 8.66 2.60 43 13.66 
BELIZE 748} Om 0.06 1S.28 69.20 175.05 8.2 0.190 9.03 40.89 103.45 
TOTALS FOR CLASS : 6 7258) 0.1 0.06 15.18 68.74 173.90 Om 10 22 41.75 105.62 
CENTRAL AMERICA TOTALS Z2/1..6 106.5 Onsd 1.64 4.21 area! PINS 8.79 Less Za 6.01 
SOUTHEAST ASIA 
SREETEET ERE REE 
SINGAPORE e.1 Wiese S36 Ghe) <O.01® <@.01% <@.O1* Aintl BS GSE <@.01* <8.01* <0@.01* 
LOTAESTEORVCLASS §:)) 1 0.1 PARE) SH /GS3) <8.01* @.01* <@.01* Sip i) syiss3) <@.01® C201" COO * 
VIETNAM 33.8 46.5 1.41 0.90* POAT) 4.90 UDbS 2.41 0.74* 1.69 Zoe 
BHUTAN 4.7 bg? @.25 1.34 3.83 6.92 2.0 8.43 TASS? 2.16 SiG) 
SRI LANKA 6.6 13.6 2.07 0.83* 2.42 S358) 20.1 3.06 Bs Vike Leng Pe S55) 
BANGLADESH 14.4 76.6 S58 ¥2 0.46* 131 2.10 1535358 10-65 (Bhs Pee ON a7 5 Wea 
PHILIPPINES 30.0 43.8 1.46 1.08 3.80 6.10 83.4 22/5 Q.87* 2.14 3.14 
TOTALS FOR CLASS : 3 88.6 Nes3it 2.05 0.76* 2.36 SoZ 338.2 3.82 0.80* 1.48 Zoli 
INDIA 320.4 618.7 1.93 Q.81* 1.83 3.54 1036.7 3.23 1.00 1.74 Xe) 
NEPAL 14.1 nH 8.90 @.94* 2.65 4.06 4 1S9 1.05 Wey ZZ. 2.46 
BURMA 67.6 Sie 0.46 1.82 S.78 Ibs Sn il 8.81 No JS) Si5 SD) 6.44 
THAILAND $1.4 41.4 0.80 1.44 4.00 8.86 76.1 1.48 1.38 2.65 S.OS 
KAMPUCHEA L/g 8.1 0.46 P2583) SaaS 19.35 13.4 0.76 152 5.66 I lgesgs: 
LAO PET Sac, @.14 2.54 8.41 Fifa NZ) Sic Uf 0.24 1.58 4.91 WTS, 
INDONESIA HS) a8) tsS22 Osa 2.10 UPS) 10.60 22120 1g) es 1.58 4.65 6.65 
PAKISTAN 88.7 70.3 0.79 1.14 1.24 om 145.0 1.63 ess, 1.63 1.68 
BRUNEI 0.6 8.2 0.28 3.26 28.85 34.60 8.3 0.53 Wa vA aye shal 18.16 
TOTALS FOR CLASS : 4 776.1 921.8 LIke) Held Zoe $.14 1575.6 2.83 IN DUP POPES: 3.40 
MALAYSIA 32.8 19 0.36 7.30 21.90 1975 20.1 @.61 S6 12791 Wit AS) 
TOTALS FOR CLASS : 5 32.8 ie. 0.36 Woah! ZZ 19276 Z20)s1 0.61 4.56 LZ Ol Wie 742) 
SOUTHEAST ASIA TOTALS SO Om eliaeure 1WeZ5, ibe sls SA0Z 5.09 SS 7m 2.16 1.14 2R25 Saar 
FIVE REGIONS TOTAL 6494.9 1956.6 0.30 2.03 6.94 16.56 3589.7 0.55 1.56 4.16 S25 


Seeteseseeee ee 
1/ Land areas derived from FAO/Unesco Soil Map and exclude areas mapped as water bodies. 

2/ U.N. data for 1975, milfions of persons. U.N. 1979 

3/ Projected U.N. data for 2000, millions of persons. Medium variant. U.N. 1979 

e ASTERISK INDICATES POTENTIAL POPULATION SUPPORTING CAPACITY LESS THAN PRESENT AND/OR PROJECTED POPULATION. 


Original data to three decimal places. Apparent discrepancies in some totals due to rounding off. 


THIS TABLE HAS BEEN SORTED ACCORDING TO INCREASING RATIOS, BY COUNTRY, 
RELATED TO LOW INPUT YEAR 2000 RATIOS 
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